


@ 
4 
8 
A 
bs 
<i 
igs 
aoe 
tad 
2 
ES 
E 


See ee aS 
Cyr aR Bins 


Be ae? 


PE Se a ee 
oe oles e AES SUR 





JOURNAL OF ECONOMIC ENTOMOLOGY 


Official Organ American Association of Economic Entomologists 





Vol. 43 February, 1950 No. 1 





CONTENTS 


Insecticide Dust for Control of the Corn Earworm......................2.-- 
} bile hina Da Caos o COE GEORGE P. WENE AND R. A. BLANCHARD 


An Aseptic Method for Rearing European Corn Borer Larvae............... 
CeO oe tm Teer r ee SraNnuLeY D. Beck anv J. F. StaAuFFER 


Improvement in Hay Yields Resulting from Control of the Meadow Spittlebug 
i 4 datas police ak 90 hala lca 'e 6 5ksa dak en dd aa ee C. R. Weaver 


Effect of Addition of Sulfur to DDT Dusts for Onion Thrips Control. ........ 
Siae shale Tea eee es 05 4 ee ee J. Witcox anp A. F. HowLanpb 


The Phytotoxicity to Cucurbits of Some New Insecticides................... 
ucbus a's Rdeceaire ¢ aerate eee H. H. CrRowreiu anp H. E. Morrison 


Effect of Stage of Growth of Field Corn Inbreds on Oviposition and Survival of 
the European Corn Borer.........NEELY TURNER AND Rarmon L. BEarp 


Cultural and Biological Contrel of the Southern Corn Rootworm in Peanuts. . . 
40k Ge WRK SRSA Ai nek ae hee eee W. D. Fronk 


Vacuum Fumigation with Methyl Bromide to Kill Larvae of White-Fringed 
ee Tr ee a GrorGE R. Swank AND RanpDAuu Latta 


DDT to Control Flies Breeding in Poultry Manure......................... 
TEL EC EOE Se aN x ate Y. Tanapa, F. G. Hotpaway ANpb J. H. QUISENBERRY 


Influence of Environment on the Distribution of Thermal Aerosols Toxic to Mos- 
So tikka vba ec ees Rei ch eae Ce WituiaM R. HorsraLu 


Field Tests of Clothing Treated to Repel American Dog Ticks............... 
des Ws etre os ea a as 4 en Puitip GRANETT AND Cart F, FRENCH 


Toxicity Index—An Improved Method of Comparing the Relative Toxicity of 
ES ae? Seer ee ek Yun-Pei SuN 


Parathion Resistant Red Spiders........................44- Puitie GARMAN 


The Toxicity of Some Organic Insecticides to the Eastern Subterranean Termite 
BLE aR ere ARM Bln ns cee RO OD ere oN L. A. Herrick 


Comparative Susceptibility of Wild Bees and Honey Bees to DDT........... 


Gis decks take ». G. Linsuey, J. W. McSwain Anp Ray F. Smiru 


Insecticides for Control of Certain Insects Attacking Ornamental Trees and 


ep RENE hee RS Sie FE ETT TTR HS Wi ee T. W. Kerr, Jr. 


Treatment of Airplanes to Prevent the Transportation of Insects............. 
PS nae SS O. C. McBripg, W. N. SuLLIVAN AND R. A. FuLTON 


11 


14 


17 


30 


37 


41 


45 
53 


57 


59 


66 


70 








A Comparative Study of Insecticides for Control of Plum Curculio........... 
S. C. CHANDLER 


An Appraisal of Some Chlorinated Hydrocarbon Insecticides for Grape Berry 
IIS 5. 3.6. evs b 06 oxen eae hies aoth eee E. F. TascHENBERG 


Further Investigations on the Control of the Clover Root Borer in New York. . 
GrorceE G. Gyrisco AND D. F. MarsHaLu 


oeeerereeee eee essere eee er eevee ee 


Persistence of Effect of DDT on Japanese Beetle Larvae in New Jersey Soils. . 


eh Wee MERA Kae b OKA Rk aL Cae LA ae Water E. FLEMING 
Longevity of Parathion, DDT and Dichlorodiphenyl Dichloroethane Residues 

Re re ety ee re 

vices eb bneel oeiniaae aaa J. M. GrnspureG, R. S. FItMer AnpD J. P. REEpD 
Biological Control Measures Applied Against Pseudococcus maritimus on Pears 

rrr tT te Ricuarp L. Doutt anp KENNETH S. HAGEN 
Mass-Culturing ore californica to Obtain Eggs for Field Distribution. . 

é dps bs bee bid da ee Us eed Se US Is eek SL GLENN L. Finney 
Fecundity of Calnedine californica as Affected by Synthetic Foods............ 

jae dean wee Me ROGh ECles b cists 2 celeb am Lines . KENNETH S. HAGEN 


ScreNnTIFIC NOTES 

Laboratory Tests with House Flies and House Fly Larvae Resistant to DDT.............. 

eT ee ee ee ee eee eee Davip PiwenTeEt ann J. E. Dewy 
ey en OE BI o.oo. oon kk sgnickesscmencengpeaneaesnee Sranuey D. Beck 
Larvae of Hoplia oregona on Strawberries..... . LesuiE M. Smitu anp W. Harry Lanes, Jr. 
Termite Treatment with Aqueous Solution of Chlordane.................. V. E. SHELFORD 
Colonization of Anopheles albimanus from the Florida Keys........ Rosert W. Burcess 
Efficiency of Several New Insecticides for the Control of Hymenia fascialis on Fall Spinach. . . 


ne OEE ee RN, Oe | bs ne See ae D. E. GrEENwoop anv R. N. Hormaster 
Counteracting the Effect of Benzene Hexachloride on Flavor of Potatoes. ... NEELY TURNER 
Parathion to Control Bagworms.....................+000- sien Rey ent J. B. PotivKa 
Parasitization of Syrphid Larvae and Puparia............................ James L. BEAN 
Control of Scolytus and Dutch Elm Disease by Concentrated DDT Sprays.Grorce H. PLums 
Fused Bentonite Sulphur to Prolong Horn Fly Protection on Beef Cattle... ... Ray L. Curr 
Ryania for Control of Cranberry Fruitworm....................0002055 Rosert C. Berry 
Oil Concentration in Dilute Emulsions...............................JAmEs W. HANSEN 


Ourruamy: Carlton Th. Bernabe... .. 6. nc ceccnce cee downs nesecnssneceess 
EpiroriAL: Working Relationships of Entomologists and Plant Pathologists. .. 


See CUa es RER EEE LALET Ete dati ane C. R. Orton 
Book Review: Insects Affecting Forest Products.................... H.B.W. 
Common Names of Insects Approved by the American Association of Economic 


rr err eae rk) an eee C. F. W. MurseBeck 


73 


76 


82 


87 


90 


94 


105 
105 
107 
107 
108 


108 
109 
109 
109 
110 
111 
112 
112 


113 


114 
116 


117 








WANTED: Fesruary, APRIL, AND JUNE 1949 NUMBERS 


The Association will pay 60¢ each cash or in a credit for any of the above 
issues. June numbers needed especially as an entire sack of mail destined 
for Oregon and Pennsylvania was lost and the Association desires to supply 
the missing numbers to libraries and individuals who did not get their 
JouRNALS. Forward to Ernest N. Cory, College Park, Maryland. 














es 


coaepaen 
ae oS 


i 


4 





auyecarer 
Bie 


ies We gae a 
Bras SSR oes 





ae 
> 
x 
2 
z 
a 
% 
Baa 
ca 
a 
ee 
a 
# 
; 
; 


ras 


pads. sites Murren es Serre ern 


we 








Seonsgyeemy 
ie 8! han 





cae 
EY 
ee 
a 


e 


Sie 


aes ES 





JOURNAL OF ECONOMIC ENTOMOLOGY 


Official Organ American Association of Economic Entomologists 





Vol. 43 


February, 1950 


No. 1 





Insecticide Dust for Control of the Corn Earworm 


GeorcE P, Wene, Texas Agricultural Experiment Station, Weslaco, and R. A. BLANCHARD, Bureau 
of Entomology and Plant Quarantine, Urbana, Illinois 


The corn earworm, Heliothis armigera 
(Hbn.), limits the production of a good 
grade of sweet corn in the Lower Rio 
Grande Valley. This insect also attacks 
and severely injures the whorls of young 
fall planted corn and, as a result, is also 
commonly called the whorl worm in that 
area. Since approximately 90 per cent of 
the insect control work in this area is done 
by airplane dusters, experiments were 
carried out during the spring and fall 
months of 1947 and 1948 to determine the 
effectiveness of dusts for earworm control. 

Kelsheimer (1947) obtained good con- 
trol of the corn earworm with a 3.0 per 
cent DDT dust and also a 3.0 per cent 
methoxychlor dust. These insecticides 
were applied four times at 3 day intervals 
with the first treatment starting at silking 
time. Pepper et al. (1947) found that a 
single application of 3.0 per cent dichloro- 
diphenyl dichloroethane dust applied by 
hand duster, power duster or airplane 
either before or at silking time gave excel- 
lent control of the corn earworm. The 
same authors also obtained good earworm 
control with a single application of the 
same insecticide applied after the silks 
were dead. Rates of application were not 
given. Kulash (1948) obtained good ear- 
worm control on hybrid C81XC88 but 
failed to get any control on hybrid MC87 
with five applications of a 5 per cent DDT 
dust. The dust was applied at two day 
intervals with a plunger type hand duster 
beginning when the silks were two or 
three inches long. In 1945 Chamberlin 
(Blanchard et al. 1947) in tests in Missis- 
sippi found that a single application of 
dusts containing from 1 to 9 per cent 
DDT did not control an infestation of fall 
armyworm, Laphygma frugiperda (A. & 
S.), similar to that of the earworm, in the 
whorls of young pop corn. However, con- 
trol was obtained with a single application 


of a DDT emulsion spray containing 2 
per cent DDT. Dosages of the dust and 
spray were not measured but sufficient 
was applied in each case to cover the in- 
sides of the whorls and to allow some run- 
off in case of the spray. Kelsheimer (1947) 
states that 3 applications of a 3.0 per cent 
DDT dust applied when the corn was 12 
inches in height is effective against ear- 
worm infestations in the whorls. He also 
states that since methoxychlor is so effec- 
tive when applied as dust to leaf whorls, it 
should be used as a control measure for 
those worms. The amounts of materials 
applied and the time intervals between 
dust applications are not given. 
MATERIALS AND Meruops.—In experi- 
ment 1, shown in table 1, each plot con- 
sisted of a single row of corn, 100 feet in 
length, with 5 rows of untreated corn as 
buffers between plots. Each treatment was 
replicated four times. The dust treat- 
ments, shown in table 1, were applied just 
after the majority of the silks had been 
fertilized. Five days after treatment, 10 
ears were examined in each plot and the 
number of live earworm larvae recorded. 
In experiment 2, table 2, the plots were 
.02 acre in size, arranged in randomized 
blocks. Each treatment was replicated 
three times. The corn was dusted three 


Table 1.—Effectiveness in controlling corn ear- 
worm larvae of a single treatment of insecticidal 
dusts applied after a majority of the silks were 
fertilized. 








Ave. No. Per Cent 





Worms Worm- 
PER FREE 
TREATMENT Ear Ears 
5 per cent DDT in tale 1.2 50 
5 per cent TDE in Cherokee 
clay 1.8 38 
Untreated 2.6 10 
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Table 2.—Effectiveness of three dust applica- 
tions in controlling corn earworm injury. 








Ave No. Per Cent 





Worms Worm 

PER FREE 

TREATMENT Ear Ears 
5 per cent DDT in tale 0.3 40 
5 per cent TDE in Cherokee clay 0.6 30 


5 per cent DDT+0.5 per cent 

gamma benzene hexachloride in 

Cherokee clay 0.4 33 
5 per cent TDE+0.5 per cent 

gamma benzene hexachloride in 

Cherokee clay 0.9 23 
5 per cent DDT+1.0 per cent 

gamma benzene hexachloride in 


Cherokee clay 0.3 46 
5 per cent TDE+1.0 per cent 

gamma benzene hexachloride in 

Cherokee clay 0.8 13 
5 per cent toxaphene in tale 1.2 7 
Untreated 17 0 





times for each treatment. The first appli- 
cation was made whén the corn tassels 
first started showing, the second when ap- 
proximately 90 per cent of the plants were 
showing silks and the final dusting was 
five days after the second. The data were 
taken 5 days after the final dust applica- 
tion. The effectiveness of the various ma- 
terials was determined by selecting 10 ears 
at random in each plot and determining 
the per cent of ears infested with ear- 
worms. 

In experiment 3, table 3, each plot con- 
sisted of a single row of corn 100 feet in 
length. Each treatment was replicated 
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three times. Three and four applications 
of each dust were made at three day inter- 
vals, the first being applied when approxi- 
mately 15 per cent of the stalks showed 
silks. Data were taken 4 days after the 
fourth dust application. The numbers of 
earworms found, as well as the degree of 
earworm damage on each ear, were re- 
corded from 10 ear samples harvested at 
random from each plot. 

In experiment 4, results of which are 
shown in table 4, the plots were one- 
sixtieth of an acre in size. Each treatment 
was replicated four times. The treatments 
were applied four times, at weekly inter- 
vals, the first being applied when the corn 
was approximately four inches in height. 
Data were taken a week after the fourth 


Table 4.—The effectiveness of 4 dustings at 
weekly intervals in controlling corn earworms in 
the whorls. 








Per CENT OF 
PLANTS WITH 








Ear- 
Ear- worm 
TREATMENT worms Injury 
5 per cent DDT in tale 47 30 
0.1 per cent Pyrethrins+0.5 per 
cent DDT in Cherokee clay 65 59 
5 per cent chlordane in Cherokee 
clay 62 45 
1 per cent parathion in tale 14 5 
10 per cent toxaphene in tale 49 35 
5 per cent TDE in Cherokee clay 65 56 
Untreated 95 79 








Table 3.—Effectiveness of three and four applications of various du.ts in controlling comm earworm 














injury. 
Per Cent Earworm 
InsuRY 
NumBerR or Ave. No. Per Cent 
APPLICA- EARWORMS Up to Over Ears 
TREATMENT TIONS per Ear 1.5 in, 1.5 in. UNINJURED 
5 per cent DDT in talc 3 0.6 52 42 5 
4 1.0 70 22 7 
5 per cent TDE in Cherokee clay 3 1.0 52 40 q 
+ 1.1 65 30 5 
5 per cent chlordane in Cherokee clay 3 0.8 40 55 5 
+ 0.7 35 65 0 
5 per cent methoxychlor in talc 8 0.8 52 47 0 
+ 0.7 52 42 5 
2.5 per cent aldrin in Cherokee clay 8 0.8 55 43 2 
4 0.9 55 35 10 
1 per cent oil impregnated DDT in 3 0.7 72 12 15 
Cherokee clay 4 0.8 55 42 2 
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dusting. Ten plants were selected at ran- 
dom from each plot and records made as 
to whether the plants showed any ear- 
worm injury as well as the number of 
earworms in the whorls. 

In experiment 5, the plots were one- 
seventieth of an acre in size. Each treat- 
ment was replicated three times. The 
treatments applied are shown in table 5. 
A single application of the sprays was 
made when the corn was 8 feet in height 
whereas two applications of 5 per cent 
DDT dust were made, the first at the 
same time the sprays were applied and the 
second a week later. Six days after the 
second dust application, 10 plants were 
taken at random from each plot and the 
percentage of corn whorls containing live 
earworms was determined. 

All dust treatments were applied with 
rotary hand dusters, a different duster 
being used for each material in order to 
avoid contamination. The sprays in ex- 
periment 5 were applied with a small 
hand type garden sprayer. The dusts and 
sprays were directed at the silks or whorls 
depending upon the experiment in prog- 
ress. The dusts were applied at the equiva- 
lent of approximately 35 pounds per acre 
application in experiments 1 and 2, 30 
pounds per acre in experiment 3 and 20 
pounds per acre in experiments 4 and 5. 
The sprays in experiment 5 were applied 
at the equivalent of 140 gallons per acre. 

The data in table 1 show that a single 
dust application did not give commercial 
control of corn earworms attacking the 
ears. This is also shown in the data of 
tables 2 and 3. In experiment 2, dusting 
with DDT did give some control, but the 
data were taken 10 days before harvest 
time and the infestation was exceptionally 
low for corn at that stage of growth. Ex- 
periment 3 was conducted in a typical 
corn earworm infestation for the Lower 
Rio Grande Valley. In the average sweet 
corn infestation in the Lower Rio Grande 
Valley populations of from 3 to 4 worms 
occur in each ear about a week before 
harvest. A large percentage of these have 
usually left the ears to pupate by harvest 
time, so the number of earworms present 
at that time is not a very good criterion 
for judging insecticide efficiency. As can 
be seen by the data in table 3, four heavy 
dustings of insecticides did not give com- 
mercial reduction of the earworm injury. 
These dustings did, however, reduce the 


Table 5.—Comparison of a single application of 
sprays with 2 applications of DDT dust as a con- 
trol for the corn earworm in the whorls of young 
corn. 











Per Cent 
WHORLS 
Wits Live 
Earworm 
TREATMENT LARVAE 
4 lbs. of 10 per cent wettable DDT per 
100 gallons water 7 
4 Ibs. of 50 per cent wettable chlordane 
per 100 gallons water 2 
3 lbs. of 15 per cent wettable parathion 
per 100 gallons water 0 
2 qts. of 25 per cent (by weight) DDT 
emulsion per 100 gallons water(Proprie- 
tary emulsion with petroleum hydrocar- 
bon solvent) 0 
5 per cent DDT dust, 2 applications a 
week apart in tale 33 
Untreated 45 





degree of injury to the ears, but the 
amount of this control apparently would 
not justify a dusting program. 

Table 4 shows that four dustings at 
weekly intervals did not give commercial 
control of the earworm feeding in the 
whorls of sweet corn. While the fact is not 
shown by the table, it was observed that 5 
days after the first dust application the 
infestation was less than 3 per cent in the 
field. So it would appear that the earworm 
population increased in spite of the dust 
applications on all treatments except 
parathion. The results from the parathion 
plots are of considerable interest since 
tests in Illinois indicated that parathion 
did not control the earworm feedings in 
ears of sweet corn. In the tests for control 
of the earworm in Texas, this dust was 
blown into the corn whorl during a time 
when the maximum temperature was 
100° F. or more during the day and, as a 
result, the parathion may have acted as a 
fumigant in the corn whorl. The data in 
table 5 show that sprays gave good con- 
trol of earworms infesting the corn whorls. 
The data show that sprays of DDT, 
chlordane and parathion were equally ef- 
fective in controlling earworm infestation 
in the whorls. The data in table 5 also 
emphasize the fact that dusting with 
DDT will not control earworms infesting 
the whorls under conditions occurring in 
the Lower Rio Grande Valley of Texas. 

SummMary.—In the Lower Rio Grande 
Valley of Texas experiments showed that 
periodic dusting with DDT, chlordan, 
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toxaphene, methoxychlor, and aldrin 
failed to give commercial control of the 
corn earworm attacking the corn ears. 
Dusting with DDT and the above insec- 
ticides also failed in experiments to give 
control of corn earworm larvae in the 
corn whorls. In one test four dustings with 
one per cent parathion in tale gave good 
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control of earworm larvae in whorls. Para- 
thion is extremely toxic to man and 
should not be used until more is known 
about ways for handling it safely. Data 
show also that sprays of DDT, chlordane, 
and parathion gave good control of the 
corn earworm infestations which were 
located in the whorls. 


LITERATURE CITED 


Blanchard, R. A., T. R. Chamberlain, and A. F. Satterthwait. 1947. Controlling the fall armyworm in 
sweet corn and pop corn with DDT. Jour. Econ. Ent. 39(6): 817. 

Kelsheimer, E. G. 1947. The use of some organic insecticides in the control of earworms attacking 
sweet corn. Proc. Florida State Hort. Soc., pp. 121-3. 

Kulash, Walter M. 1948. New insecticides for corn earworm control. Jour. Econ. Ent. 41(3): 387-9. 

Pepper, Bailey B., and Clifton A. Wilson. 1947. Dichloro-diephenyl-dichloroethane compared with 
other materials for earworm control. Jour. Econ. Ent. 40(5): 731-2. 





An Aseptic Method for Rearing European 
Corn Borer Larvae! 


Srantey D. Beck? and J. F. Sraurrer,’? University of Wisconsin, Madison 


The use of many plant-feeding lepidop- 
terous larvae as laboratory animals in bio- 
logical, nutritional, and insecticidal stud- 
ies has been greatly hampered by the lack 
of convenient culturing methods. Cultur- 
ing techniques involving the use of fresh 
plant tissue have generally proved to be 
expensive in terms of labor and space re- 
quirements. Such techniques require fre- 
quent renewal of the food material during 
the larval life of the insect in order to 
prevent mortality due to the spoilage of 
the plant tissues. 

In conjunction with certain nutritional 
and developmental studies on the Euro- 
pean corn borer, Pyrausta nubilalis (Hbn.), 
an aseptic culturing technique has been 
developed. This method is simple and 
convenient, and the larvae may be cul- 
tured either individually or in larger num- 
bers. The culturing medium is stable and 
does not require attention or renewal dur- 
ing the larval development. Although the 
method has been developed only for the 
European corn borer, it is probable that 
with little alteration it could be applied to 
the culturing of other leaf-feeding forms. 

MarTeRIALS AND Meruops.—The cul- 
turing medium.—The dietary medium is 
essentially that described in an earlier 
publication, Beck et al. (1949). The medi- 
um is an agar-cellulose carrier, as origi- 
nated by Bottger (1942), to which ade- 
quate nutritive constituents have been 


Table 1.—Composition of a purified diet allow- 
ing satisfactory growth and maturation of Euro- 
pean corn borer larvae. 



































Per 
CENT 
or Dry 

Function SUBSTANCE Grams Drier 
Inert carrier Distilled water 125 (ml.) 0.0 
Bacto-agar 3.350 15.3 
Cellulose (fibrous) 2.700 12.3 
Carbohydrate Glucose 5.475 25.0 
Protein Casein! 5.475 25.0 
Lipids Cholesterol 0.219 1.0 

Linoleic acid 

(containing 1% A. 

tocopherol) 6.219 1.0 
Minerals Wesson’s Salts 0.437 2.0 
Vitamins Brewers yeast powder? 2.188 10.0 
Choline chloride 0.087 0.4 
Unknown factor(s) Leaf factor? 1.750 8.0 





Totals 21.900 100.0 





1 “Vitamin Test” Casein, General Biochemicals Inc. 

2 General Biochemicals Inc. f 

% Supplied by Cerophyl Inc. This extract replaced the lyoph- 
ilized corn leaves used in earlier work. 


added. Its composition is given in table 1. 

The medium is prepared in a flask in a 
boiling water bath. The agar and one half 
of the water is placed in the flask and 
allowed to stand in the water bath for a 


1 This investigation was oumperied in part by the Research 
Committee of the Graduate School from funds supplied by the 
Wisconsin Alumni Research Foundation. Approved for publica- 
tion by the director of the Wisconsin Agricultural Experiment 
Station. 

2 Department of Economic Entomology. 

3 Department of Botany. 
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few minutes. The other ingredients and 
the rest of the water are then added, and 
the mixture is stirred with a motor stirrer 
for about 15 minutes. The flask is then 
removed from the water bath. If mass 
cultures are to be set up, the medium is 
divided equally among three 125 ml. Er- 
lenmeyer flasks, which are plugged with 
cotton. If the larvae are to be reared in 
individual vials, the medium is poured in- 
to a crystallizing dish 90 mm. in diameter 
and 50 mm. deep, and is covered with a 
filter-paper lined lid of a petri dish. The 
diet is then autoclaved for 25 minutes at 
17 pounds pressure. After being aulo- 
claved, the diet must be remixed by swirl- 
ing in the closed container, as the cellulose 
tends to stratify while in the autoclave. 

Preparing the Rearing Containers.— 
If mass cultures of larvae are to be set 
up, the flasks in which the medium was 
autoclaved will also serve as the rearing 
containers, and no further preparation is 
needed. However, if the larvae are to be 
reared individually, the medium must be 
transferred to vials. Cotton-plugged shell 
vials 22 mm. in diameter and 85 mm. in 
depth have been found to be satisfactory. 
Because of the fiber (cellulose) content, 
placing the medium in vials prior to auto- 
claving has been found to be unsatis- 
factory. Of the various methods tested, 
the best was to cut cylinders of the cold 
sterile medium and to introduce them into 
sterile vials under aseptic conditions. A 
device consisting of a large glass tube 19 
mm. in diameter and 145 mm. in length 
into which a test tube 16 mm. in diameter 
and 150 mm. long is fitted has been used 
with success. This cutting and loading de- 
vice is autoclaved before use. The outer 
tube is pushed down into the medium con- 
tained in the crystallizing dish, thereby 
forcing the inner test tube upward and at 
the same time cutting out a cylindrical 
plug of medium. The cylinder of medium 
will remain in the glass tube when it is 
removed from the dish. This procedure is 
illustrated in figure 1. The device is then 
introduced into a vial, and the inner test 
tube is pushed down, thus ejecting the 
cylinder of medium into the vial. The 
amount of medium indicated in table 1 is 
sufficient for about 25 vials. 

Obtaining the Eggs.—Eggs are readily 
obtained by confining adult moths in wire- 
screen cages which have been covered with 
waxed paper. The motiss deposit masses of 


eggs on the waxed paper, from which they 
are easily collected. 

Preparing the Eggs.—Because the eggs 
are laid in masses rather than singly, it is 
necessary to separate the eggs in order to 
sterilize the egg surfaces. Before being 
subjected to the separation process, the 
eggs should be incubated until they are in 
the “black-head” stage. Mortality during 
subsequent treatment is high if earlier de- 
velopmental stages are used. When in the 
early “black-head” stage, the eggs are 
within 12 to 18 hours of hatching. The 
egg mass is removed carefully from the 
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Fic. 1.—Steps in transferring medium with a simple 
cutting and loading device. 


waxed paper on which it was deposited, 
and is placed in a 2 per cent solution of a 
commercial 1 to 300 trypsin preparation. 
The trypsin solution should be buffered 
at pH 8 with a 0.05 M phosphate buffer. 
It is important that a fresh trypsin stock 
solution be made up every 6 or 7 days, 
and that it be stored in a refrigerator. 
Trypsin solutions that have been used 
once should not be used a second time or 
returned to the stock solution. The writers 
have found that high egg mortality results 
when old or reincubated trypsin solutions 
are used. The trypsin solution containing 
the eggs is incubated at 35° C., with vigor- 
ous agitation every 10 or 15 minutes. The 
egg masses begin to break up after about 
30 minutes of incubation, and all of the 
eggs are separate after about one hour. 
The eggs may be removed from the tryp- 
sin by taking them up in a small medicine 
dropper. The eggs will settle to the tip of 
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the dropper when it is held in a vertical 
position, and 50 or more eggs can thus be 
transferred in a single drop of liquid. They 
should be transferred by this means 
through five or six changes of distilled 
water in order to wash off all of the viscous 
trypsin solution. Inadequate rinsing was 
found to result in high egg mortality. 
From the last water rinse, they are trans- 
ferred into 40 per cent ethyl alcohol for 
one minute and then once more to distilled 
water. The eggs are then ready to be sur- 
face sterilized. 

Of the various sterilizing solutions 
tested, the writers found that four min- 
utes’ exposure to 0.1 per cent mercuric 
chloride or 10 minutes’ exposure to a 
solution containing 2 per cent sodium hy- 
droxide and 2 per cent formaldehyde were 
equally effective. The latter treatment was 
adopted for routine use. From the steriliz- 
ing solution, the eggs are transferred to 70 
per cent ethyl alcohol in an aseptic trans- 
fer chamber. 

Starting the Cultures.—From the alcohol 
rinse, the sterilized eggs are rapidly trans- 
ferred to the culturing medium. The eggs 
are dropped on the agar medium from a 
sterile dropper or pipette. The drop of 
alcoho! accompanying the eggs has not 
appeared to have any adverse effect on 
the subsequent hatching. One egg is intro- 
duced into each rearing vial. Ten to 15 
eggs are introduced into each rearing flask. 

Resutts.—Using the diet shown in 
table 1 and the technique described above, 
good growth of European corn borer lar- 
vae has been obtained consistently. The 
eggs usually hatched within about 18 
hours after introduction, and the larvae 
commenced to feed very shortly there- 
after. Egg and larval mortality was some- 
what variable, but it was usually less than 
30 per cent. The larvae matured in from 
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17 to 25 days when reared at 30° C. Nor- 
mal pupation and adult emergence was 
observed, and fertile eggs have been ob- 
tained from moths reared by this method. 

The larvae were readily observable dur- 
ing the course of their development as 
they tended to feed on the surfaces of the 
medium in contact with the wall or bot- 
tom of the container. In nutritional and 
developmental studies, the mortality, sta- 
dial duration, the molting process, and 
nutritional deficiency symptoms have 
been followed during the course of larval 
development. The results obtained in 
these experiments are being published in 
detail elsewhere. 

Rearing larvae in larger numbers in 
Erlenmeyer flasks was found to have cer- 
tain shortcomings. 1) The larvae are some- 
what cannibalistic, resulting in higher 
mortality than when reared singly. 2) The 
developmental picture can not be followed 
in detail. Where these two factors are not 
of great importance, the method has the 
advantage of requiring less manipulation 
and space. 

In every experiment, there were some 
containers in which the medium became 
contaminated. In the nutritional and de- 
velopmental studies, the contaminated 
vials were removed from the experiment. 
It was observed, however, that although 
bacterial contamination was nearly al- 
ways detrimental to larval growth, con- 
tamination by yeasts and molds usually 
had no detrimental effect unless the medi- 
um became heavily overgrown and the 
larvae were unable to move about freely. 

Summary.—An aseptic technique for 
rearing European corn borer larvae indi- 
vidually or in large numbers is described. 
The results and observations obtained in 
studies using the described technique are 
discussed briefly. 
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Improvement in Hay Yields Resulting From Control 
of the Meadow Spittlebug 


C. R. Weaver, Ohio Agricultural Experiment Station, Wooster 


During the past decade growers of al- 
falfa and red clover in Ohio have ex- 
perienced increasing difficulty in obtain- 
ing satisfactory yields of those crops. 

The increase in the abundance of the 
meadow spittlebug, Philaenus leucoph- 
thalmus L., has been more or less coinci- 
dent with the decline of hay yields. Grow- 
ers have, in the past, overlooked the ef- 
fects of the spittlebugs since at the time 
of the first cutting the adults had already 
emerged and the spittle masses were no 
longer present. Usually fields are not in- 
spected prior to this time. Recently the 
great increase in numbers has made even 
the most unobservant farmer notice the 
presence of the spittle masses before the 
first cutting and the thousands of adults 
at hay cutting time. On one occasion 
these adults actually clogged a tractor 
radiator to the extent that the driver had 
to stop and clean it out 3 or 4 times while 
cutting a 10 acre field. 

Until the advent of the newer organic 
insecticides no method was available for 
field demonstration of the damage at- 
tributable to this insect. The development 
of DDT and benzene hexachloride made 
it possible for many workers to evaluate 
spittlebug damage in the adult and 
nymphal stages. Mundinger (1946) 
showed that the nymphs stunted and de- 
formed strawberry plants. Scholl & 
Medler (1947) demonstrated that the 
nymphs contributed to the decrease in al- 
falfa seed yields. Pederson & Sherman 
(1948) achieved increases up to 18 per 
cent in hay yields where both nymphs and 
adults were controlled. 

The data reported in this paper were 
collected in order to evaluate the damage 
done 9 mixed clover and alfalfa by 
nympns of the spittlebug. The first test 
was established on a series of plots of 
mixed red clover and alfalfa in the first 
crop year. Each plot measured 22 by 27 
feet and the treatments, which were 
replicated 5 times, were distributed at 
random throughout the field in a pattern 
five plots wide and six long. The concen- 
trations of the insecticides were chosen so 
that anything substantially less than 100 


per cent control would not be considered 
effective. Since Pederson & Sherman 
(1948) achieved good control with ben- 
zene hexachloride, this material was ap- 
plied to evaluate two different times of 
application. The other materials were ap- 
plied at what was thought to be the most 
optimum time. The spray was put on at 
250 pounds pressure with a wheelbarrow 
type Myers sprayer with a hand gun 
carrying three fog nozzles. Five gallons of 
spray material were delivered to each plot 
so that the treatment consisted of the 
equivalent of 2 pounds of active ingredi- 
ent and 375 gallons of water per acre. This 
gallonage and concentration are of course 
impractical for commercial control, but 
the benzene hexachloride gave 100 per 
cent elimination of the nymphs and this 
was the desired result. Since the nymphs 
of the spittlebug move but a short dis- 
tance the treated plots were not rein- 
fested after treatment. 

Mundinger (1946) stated that timing 
was important and that in New York the 
best time was near May 15. The writer 
found in the series of tests in 1949 in Ohio 
that hatching was probably completed by 
the first of May. The first nymphs were 
found in Wooster on April 14, and spittle 
masses containing large numbers of 
nymphs were present in the crowns of red 
clover by the beginning of the fourth 
week in April. Hatching is no doubt de- 
pendent upon weather and varies from 
year to year, but, in general, control 
measures have been applied too late 
rather than too early. Early applications 
will reduce the ever present residue prob- 
lem and will result in elimination of the 
insect at an early stage of development. 
Table 1 shows the insecticides used, the 
degree of insect control accomplished, and 
the yields obtained. Note that the earliest 
treatment gave the highest yield and was 
not too early to effect complete control. 

The infestation was evaluated by ex- 
amining 100 stems in each replicate on 
May 13. The stems were chosen at ran- 
dom in lots of five and the number con- 
taining spittle masses recorded. No counts 
of the number of masses or the insects per 
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mass are reported here. The method used, 
however, was compared with other tech- 
niques of counting the masses and the 
nymphs per mass. The recording of the in- 
fested stems in random lots of five was 
much more rapid and larger samples 
could be taken. In a comparative test, it 
gave the same general result as more 
exact but more laborious methods. 
Although the mortality from parathion 
and an ethyl p-nitrophenyl compound was 


Table 1.—Infested stems and yields from 
sprayed hay plots. 

















YreLp IN 
Pounps Per Cent 
Per Cent Dry INCREASE 
Inrestep Per Cent WEIGHT Over 
InsecticipE! STEMs ControL perAcre CHEcK 
BHC (April 29) 0.0 100.0 6465 56.7 
BHC (May 10) 0.0 100.0 5739 39.1 
Aldrin (May 10) 5.8 92.0 5886 42.6 
Parathion 
(May 10) 55.4 26.0 4499 9.0 
EPN? compound 
(May 10) 62.6 16.5 5472 32.6 
Check 75.0 —_ 4126 —_ 





Yield least significant difference at 5% =886; at 1% =1202 





1 All materials were wettable powders applied at the rate of 
two pounds of active ingredient per acre. BHC concentration 
equalled two pounds of gamma isomer per acre. 

m 2 aw p-nitrophenyl-thionobenzenephosphonate, E. I. Du- 

‘ont Co. 


not high, both materials killed some of the 
nymphs. Examination of the plots after 
spraying revealed many dead _ bodies. 
Failure to evaluate nymphs per stem may 
explain the relatively high yield in spite 
of apparent poor control in the “EPN” 
compound treated plots. Had counts been 
made later than May 13, they might have 
revealed better control by the EPN com- 
pound than is shown in the table. Another 
partial answer to the high yields in the 
EPN plots may be found in that ma- 
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terial’s possible superior control of the 
other destructive insects even though 
they were present in small numbers. Not 
all the yield differences are due entirely to 
the elimination of the spittlebug. Exami- 
nations of sprayed areas indicated that 
the lesser clover leaf weevil, elaterids, 
grasshopper nymphs, millipedes, sitona 
weevils, carabids, aphids, and ants were 
killed by the various treatments. None of 
the insects were present in large numbers. 
The clover leaf weevil, Hypera punctata 
(Fab.), an extremely important destruc- 
tive insect in the early spring, did little or 
no damage to any of the plots. This being 
true, the insect damage that occurred 
could be attributed largely to feeding by 
the young spittle insects. 

Yield data were obtained by mowing 
one yard borders around all the plots and 
then cutting and weighing the entire re- 
maining portion of the plot. This was done 
on June 7 by a crew of men operating a 
mower, a rake, and a large weighing boom 
with scales and hay tongs which were 
capable of picking up half of the entire 
plot yield. The hay was weighed within 
five minutes after cutting. Samples of the 
hay were dried and the yield computed on 
a dry weight basis. 

Second cutting of these treated areas 
did not reveal any differences in the plots. 
No other test described in this paper gave 
any indication that the treatment of the 
first cutting with insecticides to control 
spittlebug nymphs had any effect upon 
the second cutting. Perhaps if large areas 
were treated the effects of the adult 
spittlebug populations upon the second 
cutting would be eliminated but this was 
not tested. 

As a preliminary study of the effect of 


Table 2.—-Quality of hay treated for spittlebug control. 











Per Cent CAROTENOIDS 
Dry MicrogM/em. Per CENT PRoTeErn! Per Cent 
Crop AND TREATMENT MATTER (DRY) INCREASE Per Cent INCREASE 
Alfalfa 
BHC (April 29) 24.50 188 19 17.5 4.8 
BHC (May 10) 25.50 195 23 18.0 7.8 
Check 26.50 158 — 16.7 mee 
Red Clover 
BHC (April 29) 20.25 206 12 14.9 2.1 
BHC (May 10) 21.50 202 10 14.9 2.1 
Check 24.50 184 mini 14.6 — 


a 
* 
+H 
Ss: 











1 On basis of total nitrogen. 
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spittlebug infestation upon the nutritive 
value of the hay, samples were taken from 
all replicates of the check and the two 
benzene hexachloride treatments. The 
samples from plots of like treatments were 
combined and the red clover separated 
from the alfalfa. These were then ground 
and the dry matter, carotenoid content, 
and total nitrogen content determined. 
Table 2 shows the results.! 

Since the nutritive value tests were not 
replicated there is no way to judge the 
significance of the differences; however, 
the aspect, texture, and odor of the hay 
were sufficient to differentiate the treated 
from the untreated. An assistant in the 
dairy department could distinguish the 
two when blindfolded. No statements can 
be made as to the exact nature of the re- 
duction in quality unless it is one of altera- 
tion of the growth characters of the plant 
to produce fewer and smaller leaves and 
hence less carotene and protein. The con- 
clusion to be drawn from this preliminary 
test of nutritive content is simply that the 
hay without spittle insects was better in 
quality and higher in nutritive value. 

Further insight of the effect of spittle- 
bugs on hay yield was gained from a test 
in which benzene hexachloride dust was 
applied at three different times. A rote- 
none dust was also included in this test to 
judge its relative effectiveness against the 
spittlebug. The field used was composed 
primarily of red clover with some alfalfa. 
The plots measured 20 by 25 feet and 
were replicated four times in randomized 
blocks. The dusts were applied with a 
Root hand duster at the equivalent rate 
of 40 pounds per acre. Yield and infesta- 
tion records were taken as above. The 
hay was cut on June 7. 

Table 3 shows the application dates, 
the concentrations of the dusts used and 
the results obtained. Better control on 
May 20 probably resulted because the 
material was applied after a light rain and 
was followed by another light rain that 
washed the insecticide down the stems and 
into places where the bugs were working. 
The hand duster did not give good pene- 
tration and lack of better control is at- 
tributed to this factor. 

There is an apparent negative correla- 
tion between infested stems and yields in 
the benzene hexachloride treated plots. 


1 Analyses made by John W. Hibbs of the Department of 
Dairy Industry, G.A.E.S 
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The rotenone treatment also seems to 
have resulted in poor control but con- 
siderable increase in the quantity of hay. 
The writer feels that the method of evalu- 
ating the infestation accounts for this. As 
time progressed, the nymphs ascended the 


Table 3.—Infested stems and yields from 
dusted hay plots. 








YIELD IN 





Pounps Per Cent 
TREATMENT Per CENT Dry INCREASE 
TIME OF InresteD Per Cent WEIGHT Over 
APPLICATION Stems Contrrot perAcre CnHeEck 
BHC .36% 
(May 6) 41.0 43.4 4549 39.9 
(May 14) 15.5 78.6 4527 39.3 
(May 20) 1.3 98.3 3982 22.5 
Rotenone .75% 
(May 14) 61.3 15.1 4309 $2.5 
Check 72.5 _- 3252 _- 





Yield least significant difference at 5% =575; at 1% =807 





stems and formed more individual masses. 
The counts were all inade on May 23, 
hence any nymphs surviving the early 
treatment would have time to disperse 
and form individual spittle masses, re- 
sulting in a higher “infested stem” count. 
Perhaps counts taken at comparable 
times after each dusting would have 
given a better basis for evaluation of the 
infestation. 

The most interesting result of the test 
was the effect of the date of application on 
yield. Early treatment is definitely neces- 
sary to achieve maximum results. Later 
applications come after part of the dam- 
age is already done. 

Some larger scale field tests were con- 
ducted to estimate the commercial prac- 
ticability of control of the spittlebug with 
benzene hexachloride. At East Greenville, 
Ohio a 14 acre mixed red clover and al- 
falfa field was divided into two portions 
and one half sprayed with a potato 
sprayer on May 10. This outfit was fitted 
with a boom and fog type nozzle. Some 
of the nozzles were fixed to spray at an 
angle rather than directly downward. In 
spite of this, fairly adequate coverage was 
obtained. The sprayer delivered 100 gal- 
lons per acre at 250 pounds pressure. 
Benzene hexachloride was applied at the 
rate of 2 ounces of gamma isomer per 
acre. The material used was a 50 per cent 
lindane wettable powder. Counts of 500 
stems in each half of the field on May 18 
showed 87.8 per cent infested in the check 
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and 28.8 per cent infested in the treat- 
ment. The hay was made on June 20 and 
10 strips 900 feet long and 7 feet wide 
were baled and counted on each side. The 
treated portion yielded 180 bales com- 
pared to 125 bales in the untreated. This 
represents an increase of 44 per cent in 
quantity. The cooperator said he was 
“amazed” at the difference and stated 
that the weight of bales from the treated 
area was greater and the color of the hay 
was improved. 

The same equipment was used to treat 
another similar field with 3.2 ounces of the 
gamma isomer of benzene hexachloride 
per acre, on May 10 as above. The formu- 
lation used contained 10 per cent gamma 
isomer in a wettable powder of technical 
benzene hexachloride. On May 15, 500 
stems in treated and untreated portions 
showed 95 per cent infested in the check 
and 3.4 per cent infested in the treated 
area. The untreated area was quite small 
so no comparative yields were taken. 

Inasmuch as many farmers do not 
have and cannot afford to maintain high 
pressure spray equipment, an investiga- 
tion of the practicability of low pressure 
spraying was initiated. Four acres of a 
mixed hay field in which red clover pre- 
dominated were selected and on May 7 
two acres were treated with 2 ounces per 
acre of gamma isomer of benzene hexa- 
chloride in a 25 per cent lindane formula- 
tion. The nozzles employed were the flat 
spray type equipped with “20 gallon per 
acre’ tips. Screens were removed from the 
nozzles. The spray mixture was agitated 
by a mechanical agitator in the tank. One 
acre was treated with 40 gallons of the 
spray mixture delivered at 50 pounds 
pressure. Another acre was treated with 
20 gallons at 30 pounds pressure. Con- 


Table 4.—Infested stems and yields from hay 
treated with benzene hexachloride wettable pow- 
der in !ow pressure and low volume sprayer. 











Per Cent Yep 
INFESTED IN BALES 
Stems (250 Per Cent PER 
TREATMENT EXAMINED) CONTROL Acre! 
BHC 2 0z./A 
50 lbs. pressure 
40 gals. H:0/A 61.2 35.4 60 
BHC 2 02./A 
30 lbs. pressure 
20 gals. H:0/A 37.5 60.3 58 
Check 94.8 —_ 492 





1C. R. Robinson provided the yield data. 
2 Average of 2 acres. 





Vol. 43, No. 1 


siderable difficulty was experienced with 
nozzle clogging and the delivery was 
spotty. This uneven delivery was quite 
evident at the time of making the infesta- 
tion counts on May 16 and when the hay 
was made on June 20. The infestation and 
yields are shown in table 4. 

The variable infestation counts are 
probably due to inadequate coverage since 
the infestation within the groups of five 
stems showed a “contagious” type of dis- 
tribution, 7.e. many groups with either all 
five stems infested cr none infested. 

Another four acres were used to try 
benzene hexachloride in emulsion form 
against the spittlebug. Since the phyto- 
toxicity of the emulsion was unknown, a 
field that contained a very poor stand of 
red clover was selected. The grower stated 
that he had nothing to lose if the spray 
injured the clover. No indication of 
toxicity of the emulsion to any of the 
meadow plants was observed. The emul- 
sion contained 0.9 pounds of the gamma 
isomer of benzene hexachloride per gallon 
in a xylene base. The nozzles were fitted 
with the flat type “10 gallon per acre”’ tips. 
Three combinations of pressure, speed, 
and gallonage were used. All treatments 
received 3.2 ounces of gamma isomer per 
acre. The results are shown in table 5. 


Table 5. Infested stems from hay treated with 
benzene hexachloride emulsion. 











Per Cent 
INFESTED 
Pov ips Speep Stems (250 Per Cent 
Pressure Gations/A M.P.H. Examinep) ConrTROL 
100 18 4 22.8 75.5 
100 36 2 14.0 85.4 
30 10 4 14.4 84.5 
Check 93.2 -- 





The method of application did not seem 
important as long as thorough coverage 
with adequate amounts of the insecticide 
was obtained. Medler & Chamberlin 
(1949) found in their studies of plant bug 
and grasshopper control that the method 
of application was secondary to the con- 
centration of the toxicant. They also 
stated that emulsions lose their residual 
effect more quickly than the wettable 
powders. This might be a distinct ad- 
vantage in the treatment of first cutting 
hay for the spittlebug since no long resid- 
ual action is required and the reduction 
of residue in the hay is essential. 

No yield records were obtained from the 
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emulsion treated field because the stand 
of clover was so poor and the amount of 
daisy fleabane or white top, Erigeron an- 
nuus (L.) would have rendered the hay 
worthless. The fleabane stand was of par- 
ticular interest, however. This common 
meadow weed is attacked heavily by the 
spittlebug. All the sprayed area of the 
meadow contained a 4 feet high stand of 
abundantly flowering fleabane. The un- 
sprayed area was delineated from the 
sprayed area by an abrupt change from 
the large fleabane to a meager stand one 
half as high with much less flowering. 
As an indicator of the efficacy of the in- 
sect control treatment the fleabane sur- 
passed any other criterion. 
SumMARY.—Complete elimination of 
spittlebug nymphs with high concentra- 
tions of benzene hexachloride increased 
first cutting yields of red clover and alfalfa 
up to 55 per cent. Some increase in carote- 


noid and protein content was also effected. 
Application of the insecticide as soon as 
possible after the nymphs complete hatch- 
ing was found to be desirable. No increase 
in second cutting yields was observed in 
this study. Treatment of large fields is 
commercially practical. In large scale 
tests, up to 44 per cent increases in yield 
were obtained by the use of 2 to 3.2 ounces 
per acre of gamma isomer of benzene hexa- 
chloride. The higher concentration may 
be more practical to use since it gave more 
complete kill of the spittlebugs. The use 
of wettable powders in low pressure spray- 
ers gave good control in areas covered 
but nozzle clogging made the operation 
impractical. The use of emulsions in low 
pressure sprayers resulted in good control 
and offers the answer to the spray equip- 
ment problem if the materials are not 
injurious to the plants. No injury occurred 
in the one limited test reported here. 


LITERATURE CITED 
Medler, J. T., and T. R. Chamberlin. 1949. Low pressure spraying equipment for control of some for- 


age insects. Jour. Econ. Ent. 42(2): 239-43. 


Mundinger, F. G. 1946. The control of spittle insects in strawberry plantings. Jour. Econ. Ent. 39(3): 


299-305. 


Scholl, J. M., and J. T. Medler. 1947. Spittlebugs in relation to alfalfa seed production in Wisconsin, 


Jour. Econ. Ent. 40(3): 446-8. 


Pederson, C. E., and F. Sherman. 1948. Field applications to control spittlebugs in Michigan. Jour. 


Econ. Ent. 41(4): 659-61. 





Effect of Addition of Sulfur to DDT Dusts 
for Onion Thrips Control 


J. Wiicox and A. F. Howzanp, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant 
Quarantine 


In an experiment on the control of 
onion Thrips tabact Lind., conducted in 
1945 by the writers in southern California 
commerical preparations of DDT fused 
with sulfur showed some promise of being 
superior to the same strengths of DDT 
without sulfur. Further tests were there- 
fore made in 1946 and 1948 with both 
ordinary and fused DDT-sulfur dusts. 
The results are summarized in this report. 
The experimental procedure was similar 
to that previously reported (Wilcox & 
Howland 1948). 

Hibbs & Ewart (1946), in Texas, found 
fused DDT dusts containing 85 per cent 
of sulfur and ordinary dusts containing 25 
per cent superior to DDT dusts without 


sulfur for controlling this insect. In Cali- 
fornia Lange (1946), using 3 and 5 per 
cent DDT dusts containing 25, 50 and 75 
per cent of sulfur, concluded that the dust 
with a sulfur content of 75 per cent was 
the most efficient. In New York Ashdown 
& Watkins (1948) found regular 5 per cent 
DDT dusts without sulfur equally as 
effective as those to which 25 or 50 per 
cent of sulfur had been added. 

Tests IN 1946.—In 1946 tests were 
made with DDT in pyrophyllite and in 
sulfur plus pyrophyllite. There were three 
strengths of DDT—2.5, 5, and 10 per 
cent. Each of these strengths was tested 
in dusts containing no sulfur and 25, 50 
and 85 per cent of sulfur. Thus, a total of 
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12 mixtures were tested. The mixtures 
containing 85 per cent of sulfur were com- 
mercial mixtures in which the DDT and 
sulfur were fused and the diluent was un- 
known. Each mixture was replicated five 
times in a randomized-block experiment. 
Three applications were made at 30 
pounds of the dust mixture per acre at 
about weekly intervals, beginning May 3, 
1946. Thrip counts were made 1 week 
after the third application. 

Analysis of variance of the results 
showed that the effect of sulfur on the in- 
secticidal value of DDT was within the 
limits of experimental! error. The results 
were therefore summarized by strengths 
of sulfur and by strengths of DDT. 

When the results from the various mix- 
tures with the same strengths of DDT 
were averaged, 10 and 5 per cent DDT 
dusts were shown to be superior to 2.5 per 
cent DDT dust in control of both larvae 
and adults (Table 1). 

Tests IN 1948.—In 1948 tests were 
made of DDT in pyrophyllite and in sul- 
fur plus pyrophyllite. Both 5 and 10 per 
cent strengths of DDT were tested in 
dusts containing no sulfur, and 25, 50, and 
75 per cent of sulfur. Four replicates were 
made in which the eight mixtures were 
applied three times at 2-week intervals 
beginning March 4, 1948, when the plants 
were 8 inches high and infested with an 
average of 32 larvae and 4 adult thrips. 
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The mean temperature during the first 
two applications was 60.2° F., and during 
the third application 66.8°. Thrips counts 
were made 1 and 2 weeks after each ap- 
plication. At the time of the third applica- 
tion, each of the eight mixtures was ap- 
plied to four additional plots of onions 
that the grower had dusted twice with 
DDT. 

As in the previous experiment, the re- 
sults were summarized (Table 2) by 
strengths of sulfur and by strengths of 
DDT, since the interaction effects were 
within the limits of experimental error. 
The results of the first two applications 
indicate that against adult thrips the 
DDT mixtures containing 25 per cent of 
sulfur were inferior to those containing no 
sulfur or 75 per cent of sulfur. The 10 per 
cent DDT dusts were more effective than 
the 5 per cent dusts against the adults. 

After the last application the DDT mix- 
tures containing 50 per cent of sulfur were 
more effective against both larvae and 
adults than those containing 25 per cent 
of sulfur or no sulfur. Against larvae only, 
mixtures containing 75 per cent of sulfur 
were more effective than those containing 
25 per cent of sulfur or no sulfur. Against 
both larvae and adults, the 10 per cent 
DDT mixtures were more effective than 
the 5 per cent. 

The increased control obtained by the 
addition of 50 per cent or more of sulfur 


Table 1.—Control of onion thrips with three strengths of DDT, each in mixtures with four strengths 
of sulfur. San Gabriel Valley, Calif., 1946. Mean temperature 61.1° F. 














Rate 
Per Cent or DDT PER ACRE 
OR SULFUR (POUNDS) 
Sulfur! 
0 90 
25 90 
50 89 
85 (fused) 92 
Difference required for significance 
(odds 19:1) 
DDT? 
2.5 91 
5 90 
10 90 
Difference required for significance 


(odds 19:1) 


Check (no treatment) 


| 
c 
| 
| 


| 
| 
| 











LARVAE ADULTS 
Number | Per Ce nt | Number Per Cent 
per r Plant | Reduction | | per Plant | Reduction 

| ke en 
13 | 8 | 1:8 90 
a Wr > ae 87 
14 | 98 1.6 89 
0.8 | 96 | 1.0 93 
2 | 2 | 2 2 
| 
2.2 89 2.4 83 
1.1 4 | . 11 92 
0.5 97 0.5 96 
| | 
oo | «+ | os 5 
19.0 | _ | 13.9 — 








1 All three strengths of a, casas with each of sulfur. 


? Not significant by the 
* All four strengths of sulfur Sicluded with each of DDT. 
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Table 2.—Control of onion thrips with 5 and 10 per cent of DDT, each in mixtures with four 


strengths of sulfur. Coachella Valley, Calif., 1948. 
































Arter First Two AppLicaTIONS Arter Last APPLICATION 
R Larvae Adults Larvae Adults 
ATE 
PER Number od + oon Number; Per Cent | Number; Per Cent | Number} Per Cent 
Pex Cent or DDT AcRE duc- ead uc- - Reduc- r Reduc- 
or SULFUR (pouNDs) | Plant 7 Plant tion Plant tion Plant tion 
Sulfur! 
0 88 11.1 73 5.3 60 3.0 89 3.2 70 
25 89 11.2 72 6.7 49 3.7 86 3.5 67 
50 89 10.8 73 6.0 54 2.3 91 2.5 76 
75 92 10.0 75 5.1 62 1.4 95 3.0 72 
Difference eet for signifi- 
cance (odds 19:1) 2 — 0.9 _ 1.0 —_ 0.6 _ 
DDT? 
89 12.5 69 6.4 52 3.5 87 3.5 67 
10 r 89 9.0 78 5.1 62 1.7 93 2.6 76 
Difference required for signifi- 
cance (odds 19:1) 2 oa 0.6 -- 0.7 -- 0.4 = 
Check (no treatment) 40.6 _— 13.3 ~- 26.3 —_ 10.6 — 

















! Both strengths of DDT focteted with each strength of sulfur. 


2 Not significant by the F te: 
3 All four strengths of ae Tacluded with each of DDT. 


to the DDT dusts appears to be related to 
temperature. During the last 2 weeks of 
the 1948 season, when significant differ- 
ences were obtained with the DDT dusts 
containing 50 per cent or more of sulfur 
in comparison with DDT without sulfur, 
the mean temperature was 66.8° F. Dur- 
ing the previous 4 weeks in 1948 the 
mean temperature was 60.2° F., and in 
1946 the mean temperature was 61.1° F. 
During these cooler periods the DDT 
dusts containing various amounts of sul- 
fur were not significantly better than 
DDT dusts without sulfur, but during the 


warmer period the addition of 50 per cent 
or more of sulfur produced significantly 
better results than DDT dusts without 
sulfur (Table 2). 

Although these tests show some im- 
provement in onion thrips control from 
the use of 50 per cent or more of sulfur 
in the DDT dusts, the difference between 
these mixtures and DDT dusts without 
sulfur is not great. The increased control 
obtained with the sulfur mixtures was 
reflected in moderate, but not statistically 
significant, increases in crop yield in the 
1948 season. 
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The Chemical-Biological Coordination Center of 
the National Research Council has just published 
the first of a series of reviews concerned with the 
general problem of the effect of the structure of 
chemicals upon their biological actions. The title 
of the first review is “The Mode of Action of Organic 
Insecticides.” The author is Robert L. Metcalf of 
the University of California Citrus Experiment 
Station, Riverside, California. 

This review deals with the chemistry, toxicology 
and physiological action on insects of: nicotine, 


pyrethrum, rotenone, organic thiocyanates, dini- 
trophenols, phenothiazine, DDT, benzene hexa- 
chloride and organic phosphates. The bibliography 
lists 300 references. 

Copies of the review are available at $1.00 each, 
including postage. Requests should be addressed 
to the Publications Office, National Research Coun- 
cil, 2101 Constitution Avenue, Washington 25, D.C. 
Checks or money orders (do not send currency) 
should be made payable to the National Academy 
of Sciences. 











The Phytotoxicity to Cucurbits 
of Some New Insecticides' 


H. H. Crowe. and H. E. Morrison,? Oregon State College, Corvallis 


In connection with squash bug, Anasa 
tristis, and western spotted cucumber 
beetle, Diabrotica 11-punctata, control 
studies in Oregon, small scale tests have 
been made during the past 3 years on the 
phytotoxic effects of a number of newer 
insecticides on commercial varieties of the 
family Cucurbitaceae. 

The squash bug is an economic pest of 
eastern and, occasionally, southern Ore- 
gon. It has never established itself in the 
Willamette Valley. The western spotted 
cucumber beetle is limited to western 
Oregon, where it is a pest of a number of 
economic crops including cucurbits. 

The presence of the curly top virus dis- 
ease has limited commercial production 
of cucurbits in eastern Oregon largely 
to such varieties as Umatilla Marblehead 
squash, Kentucky Field pumpkin and 
watermelons. The Umatilla Marblehead 
was developed in this area for resistance 
to curly top, but is very susceptible to 
squash bug attack. 

Many of the newer insecticides have 
been applied to cucurbits in eastern Ore- 
gon for squash bug control. No definite 
injury has ever been detected on the 
Umatilla Marblehead from the use of 
these materials. Attempts were made in 
1946 to study the safety of DDT dusts to 
eight other cucurbit varieties, but the 
presence of the curly top disease prevented 
the collection of pertinent data on most of 
of these varieties. A definite chlorosis of 
Boston Pickling cucumber leaves was 
noted, however. 

In order to eliminate the disease factor 
in plant injury studies, experiments were 
carried on at Corvallis in western Oregon 
during 1947, 1948, and 1949. DDT dusts 
had been applied to assorted varieties of 
cucurbits in this area in 1944 and 1945 
without evidence of foliage injury. The 
source of DDT in those trials was from 
pilot-plant production. During 1946 re- 
ports of DDT injury to cucurbits were 
received from workers in a number of 
eastern states. These differences in results 
were then credited to differences in cli- 
matic conditions. However, later work 
(Carruth & Hervey, 1947; Carruth & 
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Howe, 1948; Alban & Keirns, 1948) has 
shown that impurities and isomers other 
than the para para isomer of DDT in dust 
formulations were largely responsible for 
DDT injury to cucurbits. A similar inci- 
dence in phytotoxicity appears when ben- 
zene hexachloride is compared with lin- 
dane. Isomers other than the gamma iso- 
mer, together with impurities present, are 
seemingly responsible in large measure for 
the toxic action of benzene hexachloride 
on cucurbits. 

It was accidentally learned in 1947 that 
the presence of moisture on the foliage at 
the time of treatment was an important 
factor in the ability of the organic in- 
secticides to injure cucurbits. This was 
confirmed in 1948. It is not known whether 
or not the very small water-soluble frac- 
tion of the insecticides is the cause of the 
plant injury. 

The cucurbit varieties which have been 
tested during one year or another at Cor- 
vallis, are listed by species as follows: 
Cucumis sativus 

Boston Pickling 

Imperial White Spine 


Cucurbita maxima 
Umatilla Marblehead 
Golden Hubbard 
Buttercup 
Golden Delicious 


Cucumis melo reticulatus 


Hearts of Gold 
Hale’s Best 


Curcurbita pepo 


Table Queen 
Pie Pumpkin 
Summer Crookneck 
White Bush Scallop 


Citrullus vulgaris 
Striped Klondike 


Insecticidal dusts were applied with a 
puff-type hand duster at a much heavier 
rate than would be applied commercially 
for insect control. In 1947 an application 
was made early in the season during a 
period of cloudiness and light drizzles. 
Later another application was made to 
fresh foliage during a period of warm, dry 
weather. The first 1948 treatment was ap- 
plied during dry weather and, when no 
injury appeared after one week, a second 
application was made during cloudy 


Cucurbita moschata 
Butternut 


1 Published as Technical Paper No. 603 with the approval of 
the Director of the Oregon Agricultural Experiment Station. 
Contribution of the Department of Entomology. 

? Assistant Entomologists, Oregon Agricultural Experiment 
Station. 
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weather when the leaves were wet with 
fog. In 1949 it was necessary to simulate 
wet weather for the tests. This was ac- 
complished by a 3-hour overhead irriga- 
tion before dusting, followed by a 1-min- 
ute sprinkling to insure moisture on the 
dusted leaves during the night. The phy- 
totoxic symptoms which appeared after 
this treatment were not as pronounced as 
in previous years when naturally moist 
conditions prevailed for several days after 
the dust applications. 

Insecticidal injury consisted of two 
types: burning and chlorosis (yellowing of 
the leaves). Leaf burn occurred within a 
few days after application and resulted in 
necrosis of all parts of the affected leaves. 
Chlorosis often required several weeks in 
which to appear and usually did not lead 
to necrosis. 

The results obtained from these trials 
are summarized below, where it should be 
noted that all the materials listed were 
not tested during any one year, nor were 
all the varieties tested with every insecti- 
cidal dust. 


DDT (3%) 

1947 (1) Moist conditions.—Chlorosis on Boston 
Pickling cucumber. No injury to Table 
Queen, White Bush Scallop, Pie and Sum- 
mer Crookneck. 

(2) Dry weather with dew.—No injury to the 
above varieties including Umatilla Marble- 
head. 

DDT (5%) 

1948 Moist conditions—Some degree of chlorosis 
on Umatilla Marblehead, Golden Hubbard, 
Buttercup, Golden Delicious, Table Queen, 
Pie, Summer Crookneck, Boston Pickling, 
Imperial White Spine, Hearts of Gold and 
Striped Klondike after 2 weeks. 

1949 Simulated moist conditions.—Slight burn on 
Golden Hubbard (questionable). Chlorosis 
on Summer Crookneck, Pie, Butternut, 
Boston Pickling and Hale’s Best. No injury 
to Umatilla Marblehead. 

Dichlorodipheny] dichloroethane (3%) 

1947 Both moist and dry conditions.—No apparent 
injury to Umatilla Marblehead, Table 
Queen, White Bush Scallop, Summer Crook- 
neck, Pie or Boston Pickling. 

1949 Simulated moist conditions.—Slight burning 
on Table Queen and Butternut. Slight chlo- 
rosis on Pie, and Hale’s Best. No injury to 
Umatilla Marblehead, Summer Crookneck 
and Boston Pickling. 

Methoxychlor (5%) 

1948 Moist conditions.—Very slight chlorosis on 
Umatilla Marblehead, Golden Hubbard, 
Buttercup, Golden Delicious, Table Queen, 
Pie, Summer Crookneck, Boston Pickling, 
Imperial White Spine, Hearts of Gold and 
Striped Klondike. 

1949 Simulated moist conditions.—Slight burn on®* 


Butternut. No injury to Umatilla Marble- 
head, Golden Hubbard, Summer Crook- 
neck, Pie, Table Queen, Boston Pickling and 
Hale’s Best. 

Toxaphene (5%) 

1947 (1) Moist conditions—Burning on Table 
Queen, Summer Crookneck, White Bush 
Scallop, Boston Pickling and Pie. 

(2) Dry weather with dew.—Slight burn on 
young Umatilla Marblehead leaves. 

1948 Moist conditions.—Severe burn on Table 
Queen, Pie, Summer Crookneck, Boston 
Pickling, Imperial White Spine, Hearts of 
Gold and Striped Klondike. Questionable 
slight burn on one replicate of Umatilla 
Marblehead and on Golden Hubbard, But- 
tercup and Golden Delicious. 

Toxaphene (10%) 

1949 Simulated moist conditions ——Burn on Sum- 
mer Crookneck, Pie, Table Queen, Butter- 
nut, Boston Pickling and Hale’s Best. No 
injury to Umatilla Marbichead (6 replica- 
tions). 

Chlordane (5%) 

1947 Dry weather, with dew—No injury to Uma- 
tilla Marblehead, Summer Crookneck, Ta- 
ble Queen, White Bush Scallop, Pie and 
Boston Pickling. 

1948 Moist conditions.—Slight burn on Buttercup 
and Boston Pickling. Chlorosis on Umatilla 
Marblehead, Golden Hubbard, Buttercup, 
Golden Delicious, Table Queen, Pie, Sum- 
mer Crookneck, Boston Pickling, Hearts of 
Gold, Imperial White Spine and Striped 
Klondike. 

1949 Simulated moist conditions —Burn on Sum- 
mer Crookneck. Slight chlorosis on Pie. No 
injury to Umatilla Marblehead, Golden 
Hubbard, Table Queen, Butternut, Boston 
Pickling and Hale’s Best. 

Benzene hexachloride (1% gamma) 

1947 (1) Moist conditions.—Burn on Table Queen, 
Pie, Summer Crookneck, White Bush Scal- 
lop, and Boston Pickling. 

(2) Dry weather, with dew.—Slight burn on 
young Umatilla Marblehead (questionable). 
No injury to Table Queen, Summer Crook- 
neck, White Bush Scallop, Boston Pickling 
and Pie. 

Moist conditions —Burn on Umatilla Mar- 
blehead, Golden Hubbard, Buttercup, 
Golden Delicious, Table Queen, Pie, Sum- 
mer Crookneck, Boston Pickling, Imperial 
White Spine, Hearts of Gold and Striped 
Klondike. 

Benzene hexachloride (0.5 gamma) plus chlordan 

(2.5%). 

1948 Moist conditions.—Slight burn on Umatilla 
Marblehead and Striped Klondike. Chloro- 
sis on Imperial White Spine and Hearts of 
Gold. 

Sabadilla (20%) 

1948 Moist conditions—No injury to Umatilla 
Marblehead, Imperial White Spine, Hearts 
of Gold and Striped Klondike. 

Sabadilla (5%) and DDT (2.5%) 

1948 Moist conditions.—Slight burn (questiona- 
ble) on one replicate of Umatilla Marble- 
head. Slight chlorosis on 3 replications of 
Umatilla Marblehead and on Imperial White 
Spine, Hearts of Gold and Striped Klondike. 


1948 
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Sabadilla (5%) and toxaphene (2.5%) 

1948 Moist conditions.—Chlorosis on Umatilla 
Marblehead, Imperial White Spine, Hearts 
Gold and Striped Klondike. 

Lindane (1.5%) 

1948 Moist conditions.—Slight burn on some rep- 
licates of Umatilla Marblehead and on Ta- 
ble Queen, Summer Crookneck, and Boston 
Pickling. Chlorosis on these varieties plus 
Golden Hubbard, Buttercup, Golden De- 
licious, Pie, Imperial White Spine, Hearts of 
Gold and Striped Klondike. 

1949 Simulated moist conditions —Burn on Sum- 
mer Crookneck and Table Queen. No injury 
to Umatilla Marblehead, Golden Hubbard, 
Pie, Butternut, Boston Pickling and Hale’s 
Best. 

Parathion (0.5%) 

1949 Simulated moist conditions.—Slight burn on 
Boston Pickling. No injury to Umatilla 
Marblehead and Summer Crookneck. 

Parathion (1.0%) 

1949 Simulated moist conditions.—Burn on But- 
ternut, Boston Pickling and Hale’s Best. No 
injury to Umatilla Marblehead, Summer 
Crookneck, Pie and Table Queen. 

Aldrin (1%) 

1949 Simulated moist conditions.—Slight burn on 
Table Queen, Butternut, and Hale’s Best. 
No injury to Umatilla Marglehead, Golden 
Hubbard, Summer Crookneck, Pie and Bos- 
ton Pickling. 

Dieldrin (1%) 

1949 Simulated moist conditions.—Slight burn on 
Butternut. No injury to Umatilla Marble- 
head, Golden Hubbard, Summer Crookneck 
Table Queen, Pie, Boston Pickling and 
Hale’s Best. 

Piperonyl cyclonene 0.5%, pyrethrins 0.05%, rote- 
none 0.25%, cube extractives 0.5% and 
sulfur 25%.) 

1949 Simulated moist conditions—Burn on Bos- 
ton Pickling, and Hale’s Best. Slight burn on 
Summer Crookneck and Pie. No injury to 
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Umatilla Marblehead, Golden Hubbard, 
Table Queen and Butternut. 
a Four per cent DDT fused with 80% sul- 
ur 
1949 Simulated moist conditions.—Slight burn on 
Umatilla Marblehead. Burn on Boston 
Pickling. Chlorosis on Summer Crookneck. 


It will be noted that, with a few excep- 
tions, the insecticides used are not con- 
sistent in producing injury on any one 
cucurbit variety. This inconsistency, how- 
ever, indicates that all of the chlorinated 
hydrocarbons are capable of inflicting in- 
jury to cucurbits in general under the 
proper conditions. Conclusions drawn 
from these data follow: 

Methoxychlor (5 per cent) is probably 
safe enough on cucurbits for Diabrotica 
control in Western Oregon, if applications 
during periods of moist weather are 
avoided. 

The squash varieties belonging to the 
species Cucurbita maxima seem to be more 
tolerant of the organic insecticides than 
other varieties. 

Umatilla Marblehead, although more 
tolerant than other varieties to toxaphene 
insecticides, can be injured by it under 
proper conditions. The use of toxaphene 
on Umatilla Marblehead in dry eastern 
Oregon conditions for squash bug control 
has so far produced no toxic symptoms. 

The incorporation of sulfur (for mite or 
fungus control) in the insecticidal dusts 
_ produce serious plant injury to cucur- 

its. 
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L. F. Steiner, connected with the Entomology De- 
partment of Purdue Agriculture Experiment Station 
from 1927 to 1930, and in charge of the federal Fruit 
Insect Laboratory at Vincennes, Indiana, since 
1932, was the recipient of a wrist watch, presented 
by the Indiana State Horticultural Society, and a 
set of four pieces of luggage by the fruit growers of 
southwestern Indiana, at a testimonial dinner at 
Vincennes, August 1, 1949. Mr. Steiner has left 
for Hawaii to take charge of the research for fruit 
fly control. 
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Effect of Stage of Growth of Field Corn Inbreds on Oviposi- 


tion and Survival of the European Corn Borer 


NEELY TuRNER and Rarmon L. Bearp, Conn. Agr. Expt. Sta., New Haven, Conn. 


The effect of maturity of corn on infes- 
tation and damage by the European corn 
borer was observed many years ago. 
Meyers et al. (1937) refer to a publication 
of Jablonowski in 1898, stating that the 
early varieties of corn suffered more than 
the later. Huber et al. (1928) found that 
the earliest silking stalks had a higher 
borer population than those in the same 
plot that silked 5 days later. In the same 
experiments early silking varieties had a 
larger number of larvae than those which 
silked later. Beard (Beard & Turner, 
1942, 1943) studied the effect of maturity 
on oviposition and survival. He used the 
nomenclature of Batchelder (1949) to de- 
scribe the stages of growth. Beard (1943) 
shewed that when all stages of growth 
were present, moths preferred the early 
silking stage to any other, and that rela- 
tively few eggs were deposited on plants 
younger than the mid-whorl stage. Fur- 
thermore, he found (Beard & Turner, 
1942) that few larvae survived until the 
plants reached the late whorl stage. Beck 
& Lilly (1949) found that survival in- 
creased with growth of the plant, and 
demonstrated that addition of glucose to 
small corn plants increased survival of the 
larvae. 

In studies of resistance of corn to the 
European corn borer, Patch et al. (1942) 
have discussed the effect of maturity and 
described a method for correcting for dif- 
ferences in maturity. This method uses a 
linear repression based on the time of 
silking and adjusting to the degree of in- 
festation. The same workers found signifi- 
cant differences in survival of larvae in 
different inbreds and hybrids, after cor- 
rection for maturity. They showed that 
the different inbreds varied in their in- 
herent resistance, and that the factors 
responsible for the resistance were trans- 
mitted to hybrids. 

Beard (1942) studied the oviposition 
and survival of two varieties of sweet corn 
that silked on the same date. Lexington 
was “resistant” to the first generation, 
chiefly because it reached the late whorl 
stage one to three days later than Mar- 
cross. Beard also reported that the highly 


resistant R-4 and L-317 inbreds were 
susceptible to damage by the second gen- 
eration of the corn borer in Connecticut. 
Patch (1943) found that differences in 
survival between resistant Hy XR4 and 
susceptible AX TR diminished sharply as 
both varieties approached pollen shed- 
ding. These observations could indicate 
that resistance of a variety is an expres- 
sion of unfavorable stage of growth at the 
time of infestation. If this was the case, 
transfer of that variety to another en- 
vironment could destroy the resistance if 
a susceptible growth stage coincided with 
the infestation. 

In order to study this possibility, two 
field corn inbreds with records of resist- 
ance and two that had been susceptible in 
the Middle West were chosen.! These 
were Oh43, Oh51A, M14 and Wf9. In ad- 
dition two Connecticut inbreds were 
planted: C102 showing high breakage and 
C103 with high sugar content and low 
breakage. Since it was impractical to 
make frequent plantings, each inbred was 
planted April 12, May 11 and May 31. 
The plots were randomized in each of five 
blocks. About 50 seeds were planted in 
two 10-foot rows; the plots were thinned 
to 20 plants. Instead of guard rows, to 
minimize migrations, 6 feet of fallow 
ground was left around each plot. The 
height, number of leaves, length of leaves, 
width of leaves and growth stage (Batch- 
elder 1949) were recorded at frequent in- 
tervals. 

Each plant was examined twice a week 
during the oviposition period for egg- 
masses. The masses were marked by a 
paper label stapled to the corn leaf and 
bearing the date of observation. On subse- 
quent examinations the fate of the eggs 
was determined and recorded. 

Prolonged drouth in July and August 
made irrigation necessary. 

First GENERATION.—Oviposition by 
moths emerging from overwintering lar- 
vae started May 19, the earliest date on 


1 The cooperation of F. F. Dicke, Bureau of Ent. and PI. 
Quar., Toledo, Ohio, in furnishing information on recent resist- 
ance tests and in su gesting resistant and susceptible strains is 
acknowledged with thanks. 
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record for Connecticut. However, cool 
weather limited oviposition until June 14. 
A summary of the oviposition is given in 
table 1. There was no well-defined “peak” 
of oviposition, but most of the eggs were 
laid between June 14 and June 21. A few 
eggs were found on the second (May 12) 
planting, but not enough to disclose any 
trends. The results show that in general 
the oviposition pattern on each inbred 
followed the general trend. 

All of the inbreds were in the early 
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reached by the corn on July 1 is given in 
table 2. The most mature inbred was 
OhS1A. If this maturity had affected the 
oviposition, this inbred should have re- 
ceived most of the eggs. In fact, it had the 
smallest number of eggs of the six inbreds 
used. It appears, therefore, that none of 
these varieites was developed sufficiently 
during the heavy oviposition to attract 
moths by reason of its maturity. 

Since neither height nor maturity ac- 
counted completely for the choice of in- 


Table 1.—Oviposition by overwintering moths. 








NuMBER oF Eaa Masses 

















INBRED PLANTED 6/6 6/10 6/14 6/17 6/21 6/24 Total 
Oh43 April 12 4 2 38 32 25 18 119 
May 11 0 0 9 x 7 9 25 
M14 April 12 6 9 15 24 17 14 85 
May 11 0 0 4 x 12 6 22 
Oh51A April 12 1 1 16 15 18 7 58 
May 11 0 0 1 x 6 1 8 
wf9 April 12 6 5 24 18 39 5 97 
May 11 0 0 10 x 15 5 30 
C103 April 12 12 4 23 22 16 9 87 
May 11 0 0 5 x 6 0 11 
C102 April 12 11 2 32 34 32 7 118 
May Il 0 0 4 x 3 0 7 
Totals—First planting 40 23 148 145 147 60 





whorl stage when oviposition started. 
Beard (1943) has shown that when all 
growth stages of sweet corn were available 
for oviposition, the moths deposited rela- 
tivelv few eggs on stages younger than the 
late whorl. Only two of the inbreds 
reached the late whorl stage during the 
period of oviposition. These were Oh43 
and Oh51A, which reached this stage of 
development too late to have much effect. 

Huber et al. (1928) showed oviposition 
was correlated with height of plants in 
plots, and Patch (1942) found a similar re- 
lationship in commercial fields. The height 
of the inbreds in our test was taken twice 
during the period of maximum oviposi- 
tion. The measurements in table 2 show 
that there was not a direct correlation be- 
tween height and number of eggs de- 
posited. Two of the three tallest inbreds 
did collect the most eggs, but the third, 
C103, was far out of line. 

A summary of the growth stages 


breds by moths, a calculation was made 
for leaf area. This is admittedly only an 
estimate, since it is derived from the 
number of leaves, the length of the longest 
leaf and its width. This estimate was 
checked by measuring each leaf on every 
plant of one replicate. While the actual 
leaf areas of the individual inbreds dif- 
fered from the estimate, the relation be- 
tween inbreds was unchanged. For this 
reason the method of estimation was used. 


Table 2.—Stages of growth July 1. 








No. or PLANts IN STAGES 


W-l W-2 W-3 T-l 








Oh43 4 47 44 4 
M14 4 92 4 
Oh51A 4 14 29 52 
Wwf9 9 63 28 
C103 19 78 2 
C102 30 68 1 
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The relationship between leaf area and 
number of eggs deposited is given in table 
3 and figure 1. It is obvious that there is a 
closer correlation between leaf area and 
oviposition than between height and num- 
ber of egg masses. There are, however, 
some inconsistencies. Oh43 collected more 


The growth stages of the plants were 
recorded August 5. In table 6, the plant- 
ings have been arranged according to the 
stage of growth on that date. Within in- 
breds, the largest oviposition occurred on 
plants in the late tassel or early silking 
stages. If the two varieties which had no 


Table 3.—Size of Inbreds. Mean of measurements of 100 plants on June 14 and June 22. 











Torta No. 

HEIGHT No. Lenetu! Eaa 
INBRED INCHES LEAVES INCHES WiptH? ArEa? Masses 
Oh43 23.0 7.65 19.0 2.6 370 119 
M14 18.6 7.5 17.7 2.6 345 85 
Oh51A 18.8 8.3 17.9 1.9 282 58 
Wf9 21.9 8.1 18.7 2.5 379 97 
C103 24.0 6.6 20.3 2.8 308 87 
C102 25.3 7.0 22.8 2.8 447 118 





1 Length of longest leaf. 
2 Greatest width of longest leaf. 
8 Product of number of leaves, length and width. 


egg masses than would be expected on the 
basis of leaf area. 

It is suggested that in this field in which 
all varieties were in a relatively early and 
unattractive growth stage during much of 
the oviposition period, total leaf area was 
more concerned in oviposition than height 
of plant. 

Survival of first generation larvae. Ten 
plants from each of three replicates were 
dissected in mid-July to determine sur- 
vival. The data have been summarized in 
table 4. They show that Oh43 and OhS1A, 
the “resistant”’ inbreds, have less survival 
than the “‘susceptible’’ M14 or Wf9. C103 
showed a very low survival. 

SeconD  GENERATION.—Oviposition. 
Eggs deposited by first generation moths 
were found July 25. Oviposition continued 
until August 19, when, as a result of pro- 
longed hot dry weather, the moths died. 
A well-defined peak of oviposition oc- 
curred August 1, as will be seen in the 
data summarized in table 5. Oviposition 
on individual plantings usually followed 
the general trend. 

The largest number of eggs was de- 
posited on the second planting of Oh43, 
and the smallest on Oh51A. Measurement 
of height of the second and third plantings 
taken August 5 show no direct correlation 
between height and number of eggs de- 
posited. The inbred Oh43 was only 
slightly taller than M14 but it received 
the heaviest oviposition in the entire field. 


plants in the late tassel stage are omitted 
from the calculations, the five plantings in 
the tassel stages received more eggs per 
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Fig. 1.—Relation between height of inbreds (at left) 
and leaf area (at right) and number of eggs deposited 
by the European corn borer. 


100 plants than those in the silking stages. 
The plants beyond the silking stages 
usually had the smallest number of eggs. 
This indicates that the stage of growth 
was apparently more of a factor in ovi- 
position than the height of plant. 


Table 4.—Survival of first generation larvae in 
30 plants. 











LARVAE SURVIVAL 
Eae AND In- PER Eaa 
InBRED Masses PupagE JURIES Mass 
Oh43 24 10 34 .42 
M14 13 29 23 2.23 
Oh51A 21 18 29 .86 
Wwf9 22 23 46 1.05 
C103 30 4 34 .13 
C102 20 20 39 1.0 











20 


Survival of Larvae.—Each plant was dis- 
sected late in September and the number 
of larvae recorded. The survival of larvae 
in terms of number per egg mass deposited 
has been calculated in table 6. It is obvi- 
ous that the survival in the three plant- 
ings of the same inbred are by no means 
the same. The highest rate, 4.43, occurred 
in the planting of Oh51A, and the lowest, 
.94 in the planting of C103. Survival in 
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case the April 12 planting of each inbred 
had a higher survival than the two suc- 
ceeding plantings. With the exception of 
M14 and C102, the May 11 planting had 
lower survival than the May 31. Although 
these plants are far older than those 
studied by Beck & Lilly (1949), it is ap- 
parent that there is increasing survival 
with increasing maturity, extending into 
the stage in which the ears mature. 


Table 5.—Oviposition by first generation moths. 








AVERAGE ——— 

INBRED PLANTED Heiaut 7/27 
Oh43 April 12 13 
May 11 65 34 

May 31 68 41 

M14 April 12 3 
May 11 56 12 

May 31 57 29 

Oh51A April 12 4 
May 11 69 10 

May 31 76 7 

Wwf9 April 12 10 
May 11 71 9 

May 31 76 14 

C103 April 12 5 
May 11 79 14 

May 31 83 4 

C102 April 12 ae 
May 11 95 21 

May 31 96 11 

Totals 262 


NuMBER OF Eca Masses 


8/1 8/5 8/10 8/19 Total 
45 40 20 24 142 
125 50 53 26 288 
102 58 40 25 266 
14 7 § 1 30 
27 11 8 11 69 
28 21 10 16 104 
11 5 6 + 30 
21 9 10 8 58 
22 6 17 8 60 
19 11 18 12 70 
18 17 5 12 61 
48 23 16 17 118 
10 5 9 1 30 
51 26 9 12 112 
47 42 16 18 137 
34 16 20 10 91 
41 25 21 16 124 
42 23 22 12 110 
705 395 295 233 





each planting of the Wf9 was less than in 
Oh51A. However, when the survival is 
considered in relation to growth stage at 
the height of oviposition, those inbreds 
which were past the late silking stage 
(S-3) had by far the largest survival. The 
only less mature corn having a high sur- 
vival was the April 12 planting of C103, 
with a survival of 3.75. According to 
Jones and Everett (1949), this inbred has 
an unusually high sugar content. Since 
Beck & Lilly (1949) have demonstrated 
the beneficial effect of sugar on survival 
and growth, it is suggested that the high 
survival in this hybrid was caused by the 
high sugar content at this relatively early 
stage of growth. 

The general trend of lower survival on 
later plantings is very evident. In every 


The infestation was too low to produce 
any breakage in C102. This inbred was, 
however, one of the most resistant. C103 
appeared to be more susceptible, particu- 
larly in the April 12 planting. 

Discussion.—The inbreds which were 
resistant in the Middle West were also re- 
sistant to infestation by the first genera- 
tion of the European corn borer. How- 
ever, second generation infestation 
changed the resistance completely. Oh43, 
which has been highly resistant in the 
Middle West, was most attractive to 
moths for oviposition, and the April 12 
planting had a very high survival of 
larvae. Oh51A received relatively few 
eggs, but the April 12 planting showed the 
highest rate of survival in the test. Both 
M14 and Wf9, highly susceptible in the 
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Middle West, received relatively few eggs 
and showed survival rates no higher than 
Oh43 and Oh51A. 

The data show that growth stages 
known to be susceptible to oviposition and 
conducive to high survival occurred dur- 
ing the period of high natural oviposition. 
The evidenee is strong that the resistance 
and susceptibility of these inbreds has 


While sugar content is known to bear a 
relationship to ear formation, all varieties 
may not be alike. The data for high sur- 
vival of larvae infesting C103 in the early 
silking stages might indicate that this in- 
bred was high in sugar content earlier 
than the other inbreds. 
SumMary.—Certain observations in the 
literature suggested that the resistance of 


Table 6.—Oviposition and larval survival, second generation. 








GrowtTH StaGE—Aveust 5 











T-1 to S-1 S-1 to S-3 8-3 to S-3+ 
Larvae Larvae Larvae 
Eggs Lar- per Egg Eggs Lar- per Egg Eggs Lar- per Egg 
INBRED PLanteD Dep. vae Mass Dep. vae Mass Dep. vae Mass 
Oh43 April 12 143 547 3.8 
May 11 288 370 1.28 
May 31 266 246 . 92 
M14 April 12 $2 1294.0 
May 11 69 109 1.6 
May 31 104 188 1.8 


Oh51A April 12 
May 11 
May 31-60 135 2.25 


Wwf9 April 12 
May 11 
May 381 119 169 1.4 


C103 April 12 
May 11 112 127 1.13 
May 31 187 ~—-124 9 


C102 April 12 
May 11 
May 31 110 154 1.4 


30 133 4.43 
59 119 1.98 


71 198 2.8 
61 116 1.9 


36 135 3.75 


91 178 1.96 
124 108 .87 





been caused by relation between the oc- 
currence of favorable stages of growth and 
time of infestation by the corn borer. 

If this is true, the implications are plain. 
It may be necessary to develop different 
resistant varieties for areas with distinctly 
different ecological conditions. Resistant 
varieties may also lose their resistance in a 
given area in seasons when climatic fac- 
tors cause oviposition much later than 
usual. 

It must also be stated that the term 
“stages of growth” as used here refers to 
development of the plant in terms of its 
external appearance. The work of Bottger 
(1940) and of Beck & Lilly (1949) indi- 
cates that the chemical and physiological 
development of the plant is probably as 
important as morphological development. 


corn to the corn borer was an expression of 
the occurrence of an unfavorable stage of 
growth at the time of infestation. Transfer 
of resistant varieties to another environ- 
ment might cause loss of the resistance if a 
susceptible growth stage coincided with 
the infestation. 

Two resistant inbreds from the Middle 
West, Oh43 and Oh51A, and two suscepti- 
ble inbreds, M14 and Wf9, were planted 
April 12, May 11 and May 31. In addition 
C103, characterized by low breakage and 
high sugar content, was compared with 
C102, a high breakage line. 

Only the first planting was infested 
substantially by the first generation lar- 
vae. Egg deposition seemed to be associ- 
ated with leaf area rather than height of 
plants. Survival of larvae indicated no 
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change in the pattern of resistance estab- 
lished in the Middle West. 

Second generation eggs were deposited 
more in relation to stage of growth than 
to height of plants. Survival of larvae was 
also associated with stage of growth 
within varieties,—the survival increased 
with the maturity of the plant. The pat- 
tern of resistance and susceptibility es- 
tablished in the Middle West was altered 
completely. 
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The relative resistance and suscepti- 
bility of these inbreds is apparently de- 
termined by the stage of growth of the 
plants when the corn borer is depositing 
eggs. 

This indicates the necessity of develop- 
ing different resistant varieties for areas 
with different ecological conditions. 

Data were insufficient to measure the 
value of inbred C103 as resistant to break- 
age. 
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Cultural and Biological Control of the Southern Corn 
Rootworm in Peanuts 


W. D. Fronx,! Virginia Agricultural Experiment Station, Blacksburg 








This paper presents the results of stud- 
ies on cultural and ‘iological control of the 
southern corn rootworm, Diabrotica un- 
decimpunctata howardi Barber, conducted 
during the seasons of 1947 and 1948 at 
Holland, Virginia, where this insect often 
injures peanuts severely on heavy, poorly 
drained soils. Cultural methods dealt with 
varietal resistance, planting dates, and 
plant spacing. The studies on biological 
control were made by surveying the nat- 
ural parasites and predators. Results of 
studies on the insecticidal control of this 
insect in peanuts during 1948 are pub- 
lished elsewhere (Fronk & Dobbins, 1948). 

VaRIETAL ResistaNce.—In 1947 the 
five varieties of peanuts most generally 
grown in Virginia were planted in a soil 
(Bladen) which had previously suffered 
severe injury from the southern corn root- 


worm. A plot size of 12 feet by 16.5 feet 
was employed, and each variety was 
replicated six times. The nuts were dug, 


Table 1.—Varietal resistance tests showing 
yield and percentage of injury from southern corn 
rootworm. 








Frevp-Curep Peanuts 











Unin- 
Yield Injured fested 

Lbs. per _—S Perr Lbs. per 
VARIETY Acre Cent Acre 
Spanish 1223 5.8 1156 
Valencia 1210 12.8 1061 
Virginia Bunch 1789 49.8 898 
Holland Runner 1569 26.7 1150 
Holland Jumbo 799 40.4 476 





1 Now at the Iowa State College, Ames, Iowa. 
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washed, and picked by hand as soon as 
they matured. The weight of the nuts 
from each plot was recorded and 200 pods 
were taken at random from each plot for 
shelling and determination of injury. The 
yields and percentages of damaged pods 
are shown in table 1. The small, bunch- 
type peanuts, Spanish and Valencia, had 
the least injury. These matured and were 
dug 2 weeks before the other varieties 
used in this test. The meats in Spanish 
and Valencia peanuts more nearly fill the 
shell, giving a firmer nut than the other 
varieties. This may have been a factor in 
their resistance, although habit of growth 
and seasonal development with respect to 
the seasonal history of the insect may 
have been important factors. The variety 
Holland Runner is a runner-type peanut 
having medium-sized pods, and is much 
grown in the Virginia-Carolina area. This 
variety should perhaps be grown where 
there is danger of severe injury by this in- 
sect because it showed some resistance to 
the southern corn rootworm and it is 
adapted to this area. 

CuLTURAL Controu.—Plantings of 
peanuts were made at Holland in 1947 on 
three dates; the first, May 5, was earlier 
than the usual planting date; the second, 
May 19, was about the average for plant- 
ing; and the last, June 3, was a week after 
all other peanuts were planted. As soon 
as the peanuts matured they were dug and 
the yield and amount of injury deter- 
mined. The yields were taken by harvest- 
ing 10 rows from each plot, each 63 feet in 
length. Examinations of the pods showed 
that the planting on May 5 had 30.0 per 
cent injured, the planting on May 19 had 
29.7 per cent, and the planting June 3 had 
22.7 per cent injured. The June planting 
was obviously too late and gave only 56 
pounds as compared to the two plantings 
in May which yielded 74 and 71 pounds, 
respectively. 

Plant spacing experiments were con- 
ducted during 1947, in which the dis- 
tances between rows of 33 and 24 inches, 
and between plants within the row of 12, 
9, and 6 inches, were tested. No signifi- 
cant effect on infestation by the southern 
corn rootworm was observed as a result of 
the different spacings. 

Natura Controu.—The adult south- 
ern corn rootworm has very few parasites 
to endanger its life. In studies during 1947 
at Holland only two were found to occur 
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with any degree of regularity; one was a 
tachinid fly, Celatoria _—diabroticae 
(Shiner),! and the other a nematode, 
Howardula benigna (Cobb).2 The adult 
beetles were examined for parasites by 
dissecting them under a _ microscope. 
Many adults were collected in the field 
and confined in cages for emergence of 
parasites. Dead beetles found on the floors 
of the cages were placed on wet filter 
paper in a petri dish of which the bottom 
was covered with a film of water. Any 
nematodes present in the beetles ma- 


Table 2.—Infestation of adults of the southern 
corn rootworm by Howardula benigna (Cobb). 
1947. 














ADULTS Per CENT 

DatE EXAMINED PARASITIZED 
April 19 3 66.6 
21 3 33.3 
22 3 33.3 
May 3 10 40.0 
7 10 20.0 
9 Q 0.0 
13 3 66.6 
June 10 10 0.0 
26 10 0.0 
July 11 8 0.0 
15 9 0.0 
16 10 0.0 
17 5 0.0 
18 14 92.8 
21 20 85.0 
92 15 66.6 
23 9 0.0 
August 2 25 0.0 
5 14 0.0 
September 13 29 0.0 
30 19 15.8 
October 7 Q 0.0 
Average 23.6 





tured, escaped, and swam into the film of 
water on the bottom of the petri dish 
where they could be collected for identifi- 
cation. Besides H. benigna, three other 
nematodes were found during the course 
of the study. Two species of Diplogaster, 
one of which was new to science and the 
other, a species identified as near D. 

1 Identified by C. W. Sabrosky, Division of Insect Identifica- 
tion, Bureau of Entomology and Plant <aprentoms, U.S. De- 
partment of Agriculture, Washington, D. 

2 All nematodes were identified by G. Ste oll Division of Nem- 


atology, Bureau of Plant Industry, Soils, and Agricultural Engi- 
neering, U. S. Department of Agric ulture, Beltsville, Md. 








24 JOURNAL OF Economic ENTOMOLOGY 


aerivora, were found in a number of dead 
and dying beetles but their true parasitic 
nature was not determined. The third 
nematode, Neoaplectana sp., was taken on 
two occasions. This nematode is a carrier 
of an extremely virulent bacterial disease 
of the rootworm adult. 

In none of the parasitized beetles were 
the ovaries fully developed. It may be 
that infestation by nematodes, although 
not fatal, may still greatly reduce the 
number of eggs laid. The seasonal inci- 
dence and percentage of infestation by 
Howardula benigna is summarized in 
table 2. Peaks in nematode infestation 
came on the first week in May, mid-July, 
and the latter part of September. The 
average infestation during the year was 
23.6 per cent. 

Adult beetles killed by the tachinid fly 
were easily identified by the torn abdomen 
caused by the escape of the mature larva 
of the parasite. The puparia of the para- 
sites were collected and the flies reared for 
identification. Celatoria diabroticae was 
also reared from the bean leaf beetle, 
Cerotoma trifurcata (Forst.). The average 
percentage parasitism of adults of the 
southern corn rootworm by C. diabroticae 
was only 3.7 per cent during the 1947 
season. The peaks in infestation came dur- 
ing the second week in May and during 
the latter part of August. 

The larvae of the southern corn root- 
worm were attacked by a number of 
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coleopterous predators... Among. these 
were Xantholinus sp. (Staphylinidae), 
Anisodactylus sp., Agonum sp., Amara sp., 
and Poecilus sp. (Carabidae). 

SumMary.—Preliminary varietal stud- 
ies conducted at Holland, Virginia, have 
shown the small, bunch-type peanuts to 
be more resistant to attack from the 
southern corn rootworm, Diabrotica un- 
decimpunctata howardi Barber, than the 
larger runner-type peanuts. The Holland 
Runner variety showed some resistance, 
however, and is so well adapted to the 
Virginia-Carolina area that it appears to 
be the most promising to grow. 

Preliminary trials on different plant 
spacings and different dates of planting 
the peanuts failed to show any effects 
upon infestation by the southern corn 
rootworm. 

Four species of nematodes and one spe- 
cies of tachinid fly were found to parasi- 
tize the adults of the southern corn root- 
worm. Also, five species of beetles are 
recorded as predators of the southern corn 
rootworm larvae. However, the only ones 
found to occur in sufficient numbers to be 
of any importance in control were the 
tachinid fly, Celatoria diabroticae (Shiner), 
and the nematode, Howardula benigna 
(Cobb), both of which are parasites of the 
southern corn rootworm adult. 


1 All predators were identified by W. H. Anderson, Division of 
Insect Identification, Bureau of Entomology and Plant Quaran- 
tine, U. S. Department of Agriculture, Washington, D. C, 
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J. F. Gates Clarke was transferred, effective June 
8, 1949, to head the Section of Lepidoptera of the 
Division of Insect Identification of the Bureau of 
Entomology and Plant Quarantine. Mr. Clarke was 
formerly engaged as a specialist on the taxonomy of 
Lepidoptera with emphasis on the Microlepidoptera. 
He is now responsible for coordination of the re- 
search work on the classification of Lepidoptera for 
the Bureau and will continue to specialize in the 
Microlepidoptera. Mr. Clarke has just recently 
returned from over two years at the British Museum, 
London, England, where he has been engaged in a 
study of the types in the Meyrick collection of 
Lepidoptera. This collection contains over 10,000 
types from all parts of the world. The results of a 
study of 5,000 of these types will be published by 
the British Museum in a work of six volumes. Part 
of Volume 1 is now in press. 
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Vacuum Fumigation With Methyl Bromide to Kill 
Larvae of White-Fringed Beetles 


GeorcE R. Swank and Ranpauy Latta, U.S.D.A., Agr. Res. Adm., Bureau of Ento- 
mology and Plant Quarantine! 


Tests have been conducted since 1940 
to develop methyl bromide dosage sched- 
ules for vacuum fumigation of balled and 
burlaped nursery plants to kill any larvae 
of white-fringed beetles, Graphognathus 
spp., associated with the soil composing 
the root ball. These dosage schedules were 
intended for use under the white-fringed 
beetle quarantines for certifying nursery 
stock. 

Other methods of treatment had been 
developed since the first quarantine was 
established against this insect in 1937, but 
they had limitations for one reason or 
another. 

The studies were performed at New 
Orleans, La., Gulfport, Miss., Burgaw, N. 
C., and Fort Valley, Ga. 

TECHNIQUE.—AIl the data were ob- 
tained by exposing soil masses to methyl 
bromide under the vacuum conditions de- 
scribed later. These masses, in which lar- 
vae were established as they would be in 
the soil ball around the roots of balled 
and burlaped nursery plants, will here- 
after be termed soil balls. 

Artificially infested soil balls were 
generally used, although some were dug 
from soil with natural infestations suffici- 
ent to provide an adequate larval popu- 
lation. Most of the balls were dug from 
field soil and wrapped in burlap, and thus 
simulated balled and burlaped nursery 
stock, except that the roots contained 
therein were of the native weeds and 
grasses rather than of ornamental nursery 
plants. Other balls were molded by pack- 
ing a pot or bucket with loose soil con- 
taining larvae. These forms were burlaped 
and allowed to stand for 5 days. Soil balls 
larger than 18 inches in diameter, which 
are heavy and difficult to dig or move, 
were molded in a form of hardware cloth. 
The balls were molded in place on a mov- 
able platform, and were composed of 6- 
inch cores of infested soil balls surrounded 
by heavy clay. Larvae in these large balls 
were easily recovered after fumigation. 

Soil balls were infested by placing lar- 
vae individually in holes punched in the 
balls with a probe. Each hole was then 


filled with loose soil. The ball was well 
watered to set the soil plugs, and allowed 
to stand for at least 5 days. During this 
period the larvae moved about in the soil 
ball and established themselves in a nat- 
ural manner. 

Fumigated soil balls were allowed to 
stand for at least 24 hours after treatment 
before they were pulverized and the larvae 
recovered, in order that the full effect of 
the fumigation might be utilized. The lar- 
vae recovered were placed on the surface 
of moist sand in clay pots and held for 
observation. Those that burrowed into the 
sand were recorded as alive. The larvae 
were observed periodically for 3 or 4 
weeks, or until they either decomposed or 
burrowed into the sand. The pots contain- 
ing the larvae were held at a controlled 
temperature near 80° F. and a relative 
humidity of 100 per cent. 

The mortality was based on the num- 
ber of larvae recovered from the soil ball 
after fumigation, and not the number used 
to infest the soil ball originally. The check 
samples sometimes suffered heavy casual- 
ties due to cannibalism among the larvae. 
The moribund larvae in fumigated sam- 
ples could be crowded without such re- 
action. 

The fumigations were made in four 
vacuum chambers. Two of these vacuum 
chambers were located at New Orleans, 
and were of 54 and 540 cubic feet capacity. 
A third, of 333 cubic feet capacity, was 
used at Gulfport, Miss., and Fort Valley, 

xa. The fourth, of 20 cubic feet capacity, 
was used at Burgaw, N. C. Each chamber 
was fitted with a vacuum pump capable 
of reducing the pressure to the equivalent 
of 4 inches of mercury in 20 minutes or 
less. 

The pressure was reduced to approxi- 
mately 2 inches of mercury before methyl 
bromide was injected into the chamber. 
The introduction line was air-washed 
until the pressure was raised to 2.5 inches. 
There was usually some increase in pres- 

1 The following persons have been associated with this re- 
search at one time or another: S. S. Easter, E. E. Rogers, E. M. 


ye stone, G. L. Phillips, G. C. Broome, Jr., and J. I. MceClur- 
in, Jr. 
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sure during the exposure period, but in no 
instance did the total vacuum reading fall 
below 24.5 inches of mercury. 

An exposure period of 90 minutes was 
arbitrarily selected for use in all fumiga- 
tions. At the termination of the exposure 
period, air was admitted and pumped out 
once or twice to rid the chamber of the 
free gas. 

An electric fan or blower was operated 
within the chamber while the methyl 
bromide was being injected and for the 
first 15 minutes of the exposure period to 
insure a thorough distribution of the gas. 
The methyl bromide was injected as a 
liquid and permitted to volatilize inside 
the chamber. 

The temperature given for a fumigation 
was the average of the soil temperatures 
at the beginning and end of the fumiga- 
tion. The temperature was held as con- 
stant as possible by insulating the cham- 
ber where feasible or by fumigating at a 
time of day when temperature was fairly 
even. By utilizing the natural tempera- 
tures at various times of the year, a wide 
range of temperature levels were covered 
in the experiments. 

Errect OF Size oF Som Batit.—The 
soil balls on nursery plants range from 3 
or 4 inches up to 18 inches or more in di- 
ameter. Small plants are grown in pots 
before being transplanted to the field. A 
record of the diameters of soil balls used 
in all tests was made for determining the 
influence of their size on the mortality of 
larvae. No differentiation was made be- 
tween balled and burlaped soil balls and 
soil balls in pots. Most of the tests were 
performed with soil balls between 5 and 
9 inches in diameter, although all sizes 
were represented. 

There was a tendency for a given dosage 
to produce slightly lower mortality in the 
smaller soil balls than in the larger, prob- 
ably owing to some post-fumigation effect 
in the larger ones. This tendency is demon- 
strated in table 1, which gives results of 
soil balls of various sizes fumigated at 
temperatures between 70° and 80° F. 
according to a marginal dosage schedule. 

Errect oF Som Type.—Since white- 
fringed bettle larvae have been found in 
about all soil types common to plant nur- 
series, the effect of soil type on larval 
mortality needed thorough study. There- 
fore, as many types as were procurable lo- 
cally were used in the preparation of soil 
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Table 1.—Mortality of white-fringed beetle 
larvae in soil balls of various sizes after fumiga- 
tion with methyl bromide at 70°=80° F. 











DIAMETER 
oF Soir NuMBER 
BALL, IN OF SOIL NUMBER Per Cent 
INCHES BALLs oF LarvAE Morvta.ity 
3 36 141 90.3 
5 678 1990 92.7 
7 46 770 91.8 
9 67 1145 99.3 
12 ae 896 100 
16 4 198 100 
18 g 86 100 
24 2 83 100 
42 3 325 100 





balls at each laboratory. Typical records 
from five localities where nursery stock is 
grown are given in table 2. It was con- 
cluded that there was no appreciable dif- 
ference in the mortality of larvae due to 
differences in soil types. 


Table 2.—Mortality of white-fringed beetle 
larvae in balls of various types of soil from five 
localities when fumigated with 2 pounds of methyl 
bromide for 90 minutes at 75°-79° F. 





NumBer NuMBER NUMBER 
OF Per Cent 





OF OF 
LocaLity Tests Batts Larvae Morvtatity 
New Orleans, La. 3 8 84 98.8 
Gulfport, Mass. 3 45 343 97.6 
Mobile, Ala. 2 20 524 100 
Fort Valley, Ga. 3 13 368 99.7 
Burgaw, N. C. 3 9 215 99.1 





Errect oF Sort Motsture.—The effect 
of soil moisture was studied by direct 
tests, as well as by general observations in 
all tests. In a group of tests at Gulfport 
soil balls were allowed to become very dry 
after being infested. Progressively larger 
amounts of water were slowly introduced 
into the soil balls shortly before fumiga- 
tion. The last ball of each series was 
immersed until saturated. Auger samples 
were taken from each ball after fumiga- 
tion, and the moisture contents were de- 
termined by oven drying. The wilting 
point was thus determined to be at a 
water content of about 4 per cent, and the 
saturation point at 24 per cent. In the 
data given in table 3 the mortality tends 
to decrease as water content drops below 
4 per cent, and as saturation is ap- 
proached. 

The results obtained in all tests cor- 
roborated the results in this experiment. 
Therefore, it was concluded that normal 
amounts of soil moisture did not affect the 
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mortality produced by fumigation, but 
when the soil was dry enough to cause 
wilting of plants, or wet enough to appear 
muddy or saturated, the mortality was 
affected. 

CoMPARATIVE REACTION OF DIFFERENT 
Srrains.—In order to compare directly 
the various races, or strains, of white- 
fringed bettles, larvae of six were assem- 
bled at Gulfport and established in soil 
balls for later fumigation. Larvae collected 
in a locality where a particular race pre- 
dominated were considered as represent- 
ing that race in these tests, although 
actually the larvae can be identified only 
by dissection and then only as to species. 
The soil balls were all prepared from lar- 
vae-free Gulfport soil. 


Table 3.—Mortality of white-fringed beetle 
larvae as affected by soil moisture during methyl 
bromide fumigation. 








AVERAGE 
Per CENT OF 





MoistuRE WHEN NUMBER Per Cent 
FUMIGATED or LARVAE Mor TALity 

3 42 62 

5 40 81 

4 20 90 

7 31 88 

12 38 98 

15 33 77 

21 $2 37 

24 41 17 





The results of 10 tests are summarized 
in table 4. In six of these all races were 
represented, in two others five races were 
included, and in the last two only four 
races. The dosage schedule appropriate 
for the prevailing temperature was se- 
lected for each test according to the tenta- 
tive dosage line as discussed elsewhere. 
The temperatures ranged from 53° to 73°, 
with seven of the 10 replications falling 
between 61° and 69.5°. 

It was concluded that, for treatment 
purposes, all strains of white-fringed bee- 
tle larvae could be considered as having 
the same level of susceptibility to methyl 
bromide gas. 

COMPENSATION FOR TEMPERATURE Dtr- 
FERENCES.—Experiments with other in- 
sects demonstrated that methyl bromide 
was more effective at higher temperatures, 
and that the increase in effectiveness was 
consistent for each unit increase in tem- 
perature, within the working range for 


fumigating plant material. Preliminary 
tests with white-fringed beetle larvae in- 
dicated this condition to apply to this in- 
sect also. Therefore the dosage rates at 
which complete mortality was repeatedly 
obtained with a 90 minute exposure were 
determined at temperatures of 60° and 
70° F., and a tentative “dosage line” was 
projected on a graph through these points. 
The slope of this line was partially based 
on knowledge gained from tests with 
other insects. All subsequent tests were 
directed towards verifying the validity of 


Table 4.—Mortalities of six strains of white- 
fringed beetles when fumigated with methyl bro- 
mide. 











Tora 
STRAIN OF NuMBER OF  PeER CENT 
Graphognathus LARVAE Mortatity 
leucoloma fecundus 465 100 
striatus 496 100 
dubius 314 100 
pilosus 132 100 
minor 257 100 
peregrinus 479 99.8 
Total 2143 





this dosage line, which ranged from 6 
pounds of methyl bromide per 1,000 cubic 
feet at 40° to 2 pounds at 80°, decreasing 
in regular increments to 5 pounds at 50°, 
4 pounds at 60°, and 3 pounds at 70°. 
The data from these experiments, which 
were made at all four locations noted pre- 
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Fic. 1.—The slope and location of the tentative dos- 

age line, and the results of subsequent mortality 

tests. O=test with complete mortality; Jj=test 

with incomplete mortality. Symbols grouped around 

a point where two lines cross are intended to fall on 
the intersection. 
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Fic. 2.—Provisional regression line based on mortal- 
ities of each unit value (the tentative dosage line in 
figure 1 has a unit value of 100) and the population 
level with an expected survival of one individual. 


viously, are too voluminous for detailed 
presentation here. The tentative dosage 
line originally selected and the manner in 
which the above data verify its slope and 
location are presented graphically in fig- 
ure 1. The tests are grouped according to 
temperature at 5° intervals, those within 
2.5° on either side of a designated point 
being included at that point. The number 
of larvae per test ranged between 12 and 
1095, but over 97 per cent contained more 
than 20 larvae each, 41 per cent contained 
more than 50 larvae each, and 10 per cent 
contained more than 100 larvae each. 

It was concluded that the slope of the 
tentative dosage line was essentially cor- 
rect. 

SELECTION OF DosaGE SCHEDULES FOR 
QUARANTINE Usre.—The dosages of me- 
thyl bromide necessary to kill white- 
fringed beetle larvae in soil balls were 
higher than for many other insects, and 
crowded the limits of plant tolerance. It 
was therefore the desire of the Bureau of 
Entomology and Plant Quarantine to re- 
duce the schedules to the lowest possible 
level consistent with adequate protection 
against the spreading of this insect 
through the movement of nursery plants, 
so that the least possible injury would re- 
sult to commercial nursery stock. This end 
was accomplishec by considering the 
probability of survival with given series 
of dosage schedules in relation to the po- 
tential population in balled nursery 
plants. 

For the purpose of selecting dosage 
schedules, only the range between 40° and 
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80° was considered, since the tempera- 
tures usually encountered in treating 
balled nursery plants fall between these 
points. Below this range the soil would be 
frozen, and if the treatment line were ex- 
tended into the upper temperature levels, 
the slope would obviously have to be 
changed or a point would be reached 
eventually where no dosage would be in- 
dicated. 

It has been concluded in the previous 
section that the slope of the tentative 
dosage line is essentially valid, and that 1 
pound of methyl bromide is equivalent to 
and intercherchangeable with 10° of tem- 
perature within the range of 40° to 80°. 
For the purpose of evaluation, each dosage 
schedule is expressed as a single unit, 
which is the sum of the dosage in 0.1 
pound and the temperature in degrees. 
Thus each point on the dosage line equals 
100, and deviations from that line are 
proportionally above or below 100. 

The data for unit values were combined 
for each group, and the per cent mortali- 
ties determined (Table 5). 


Table 5.—Mortality of larvae for each group 
of unit values. 








NuMBER OF Per CENT 





Unit VALUE LARVAE MortTALity 
77.5 to 82 341 87.7 
82.5to 87 1075 93.6 

7.5to 92 1933 97.9 
92.5to 97 3681 97.4 
97.5 to 102 7288 99.6 

102.5 to 107 4470 99.9 

107.5 to 112 983 100 





If the unit values and mortalities are 
plotted on logarithmic probability paper 
with the mid-point value of each group as 
representative of the group, the prob- 
ability of survivors for any dosage line as 
represented by a unit value can be read 
from the top scale. Thus the tentative 
dosage line, as set up originally, would 
show an expected survivor in every 500 
individuals in soil balls under treatment. 
Since plant nurseries are not favored 
breeding spots for white-fringed beetles, 
and the potential populations in nursery 
plant balls would be rather low, this level 
of security is considered to present less 
hazard of the escape of larvae than the 
levels of security reached by other meth- 
ods by which plants are certified under 
white-fringed beetle quarantines. 
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Table 6.—Dosage of methyl bromide (pounds 
er 1000 cubic feet) required to give security 
against white-fringed beetle larvae at different 
temperatures. 








For PLants 





MINIMUM EXPOSED TO 
Soin For PLAnts INFESTATION, 
TEMPERATURE FROM AREAS OR FOR PRE- 
oF PLANT KNown TO CAUTIONARY 
Barz: °F. BE INFESTED PuRPosES 
40 6 5 
45 5.5 4.5 
50 5 4 
55 4.5 3.5 
60 4 3 
65 3.5 2.5 
70 3 2.25 
75 2.5 2.125 
80 Q 2 





On the basis of this analysis, two series 
of dosage schedules with different secu- 
rity levels were recommended and au- 
thorized for use, between the 40° and 80° 
levels (Table 6). 

Puant ‘ToLeERANCE.—Thousands _ of 
commercial nursery plants have been 
fumigated with the recommended dosage 
schedules, and nearly all have been kept 
under observation. In addition, many 
plants were fumigated experimentally to 
test their tolerance or to study the factors 
influencing their reaction. 

Most broadleafed evergreens tolerated 
the recommended dosage schedules. They 
included camellias, azaleas (with the ex- 
ception of Coral Bells, Christmas Cheer, 
Salmon Beauty, and certain other highly 
susceptible varieties), gardenias, boxwood 
ligustrum, ete. 

Coniferous evergreens were, in general, 
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slightly to severly injured with either 
series of dosage schedules. 

It is recognized that plants vary in 
their susceptibility from day to day, and 
so it was not unusual for injury to occur 
with a variety usually fumigated with 
impunity. Through observation of condi- 
tions attending fumigation which resulted 
in the least injury, widespread injury was 
avoided. 

SumMArRY.—Larvae of white-fringed 
beetles, Graphognathus spp., were fumi- 
gated with methyl bromide in balled and 
burlaped soil masses from 3 to 42 inches 
in least diameter. The fumigation was for 
90 minutes in a sustained vacuum of at 
least 24.5 inches of mercury. The tests 
were made between 1940 and the present 
time at New Orleans, La., Gulfport, Miss., 
Burgaw, N. C., and Fort Valley, Ga. A 
graduated series of dosage schedules was 
develoed, from 6 pounds per 1000 cubic 
feet at 40° F. to 2 pounds at 80°, decreas- 
ing proportionately with change of tem- 
perature. 

Larvae of six strains of white-fringed 
beetles responded essentially the same to 
the series of dosage schedules. There was 
no appreciable difference in mortality of 
larvae due to soil types, as demonstrated 
by balls made of soil from New Orleans, 
Gulfport, Mobile, Fort Valley, and Bur- 
gaw. Mortality was reduced when the soil 
moisture approached saturation or 
dropped below the wilting point of grow- 
ing plants. 

Two series of dosage schedules are being 
used, according to the population poten- 
tials, for commercial treatments of balled 
and burlaped nursery plants. 





S. S. Crossman retired on June 30, 1949 from the, 
Bureau of Entomology and Plant Quarantine, Gypsy 
and Brown-Tail Moths Control, after 40 years in 
entomological work, 39 of which were spent mainly 
in the Division of Gypsy and Brown-Tail Moths 
Control. Mr. Crossman’s early work was at the 
Parasite Laboratory at Melrose Highlands, Massa- 
chusetts and parts of three years were spent in 
Europe in introducing parasites and predators. Mr. 
Crossman’s home is at 1003 Washington Street, 
Gloucester, Massachusetts, where he will be happy 
to have visits from his friends and associates. 








Flies, breeding in chicken manure on 
the poultry farm of the University of 
Hawaii, increased in such numbers as to 
constitute a nuisance and health hazard 
to the neighboring residents. Most of the 
breeding occurred in manure that accu- 
mulated on the dropping boards of the 
laying batteries. Attempts have, there- 
fore, been made to control the breeding of 
flies by applying DDT to the manure and 
by storing the treated manure in flyproof 
concrete bins, 

The experiments were started in Janu- 
ary, 1946, and continued until August, 
1946. The objectives of the experiments 
were: (1) to determine whether DDT was 
effective in preventing flies from breeding 
in poultry droppings; (2) to determine 
which form of DD'l’ was most effective; 
(3) to determine the concentration and 
rate of application of DDT that were 
efficient and at the same time the most 
economical; (4) to determine if lime, which 
is normally added to the manure to reduce 
odor and moisture, reduced the effective- 
ness of DDT, and if so, to determine the 
most satisfactory concentration of DDT 
to be used in the presence of lime. 

Numerous reports have appeared on 
the toxicity of DDT to adult flies but 
relatively few reports are available on the 
effect of DDT upon fly larvae. Some work 
ers have reported that DDT was ineffec- 
tive against fly larvae (Olson & Dahms 
1945, Stage 1945, Anon. 1946, McDutftie 
et al. 1946, Shaw & Bourne 1946) but 
others have reported good control with 
DDT (McGovern et al. 1944, Simmons & 
Wright 1944, Wolfenbarger & Hoffman 
1944, Furman 1946, Loetfler & Hoskins 
1946, Travis & Bohard 1946). Simmons & 
Wright (1944) have reported effective 
control of the breeding of house fly and 
stable fly with emulsions of as low a con- 
centration as 0.1 per cent DDT. Wolfen- 
barger & Hoffman (1944) compared DDT, 
phenothiazine, thiourea, and borax for the 
control of flies breeding in turkey manure. 
DDT and phenothiazine gave equally 
good control and were superior to the 
other materials. The treatment of the 
manure with DDT reduced fly emergence 
by 90 per cent. McGovran et al, (1944) 
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DDT to Control Flies Breeding in Poultry Manure’ 


Y. Tanapa,® F. G. Hotpaway,?’ and J. H. QuiseNBERRY* 


found, however, that thiourea was more 
toxic than DDT or borax to third instar 
house fly larvae. Furman (1946) and 
Travis & Bohard (1946) reported that a 
solution of 5 per cent DDT in kerosene 
when used in latrines was effective as a 
larvicide. The important fly species breed- 
ing in the latrines was Chrysomyia mega- 
cephala. Loetier & Hoskins (1946) have 
found DDT, hexachlorocyclohexane, epi- 
chlorohydrin, and butyl carbitol chloro- 
acetate to be highly toxic to larvae of the 
blow fly, Lucilia sericata |Phaenicia seri- 
cata). 

Procepure.—The materials were ap- 
plied to manure that accumulated on the 
dropping boards of laying batteries. In 
each experiment, two batteries were di- 
vided into eight equal plots. In the first 
experiment, the two batteries contained 
Rhode Island Red hens which were about 
a year old. In the later experiments, two 
batteries with White Leghorn hens about 
a year old were used. 

In a preliminary experiment in which 
10 per cent concentrations of DDT were 
applied as a dust and as a water suspen- 
sion spray, the dust was found to be inef- 
fective in preventing fly breeding. In sub- 
sequent experiments, the DDT was used 
as a water suspension spray and also as a 
walter emulsion spray. The water suspen- 
sion spray was made from a 50 per cent 
concentrate of water-dispersable DDT 
powder® and the emulsion was prepared 
from a 4.5 per cent stock solution of DDT 
in petroleum base containing an emulsify- 
ing agent.® 

‘The suspension and emulsion were ap- 
plied with a 2-gallon knapsack sprayer 
that had an adjustable nozzle delivering 
a coarse spray. The spray was applied 
under a pressure secured with 30 strokes 
of the pump. The amount of spray applied 
was either 21.7 cc. per sq. ft. (650 ec. per 


1 Published with the approval of the Director of the University 
of Hawaii Agricultural Kxperiment Station as Technical Paper 
76 


2 The present study was undertaken as a cooperative project 
between the Entomology Department and the Poultry Hus- 
bindry Department. 

3 Entomology Department. 

4 Poultry Husbandry Department. 

§ Penco WDB-d0, a product of Pennsylvania Salt Manu- 
facturing Co., Philadelphia, Pa. 

6 Shell DDT Barn-Toz, a product of Shell Oil Company, In- 
corporated, San Francisco, Calif. 
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plot of 30 sq. ft.) or twice the amount, 
1.e., 43.3 ce. per square ft. (1300 cc. per 
plot of 30 sq. ft.). The treatment was ap- 
plied on Friday to manure that had accu- 
mulated during the four previous days. 
The following Monday, the manure was 
scraped off thoroughly from the dropping 
boards into a wheelbarrow and weighed 
on a platform balance. 

The manure was mixed in the wheel- 
barrow with a hoe and shovel. In the first 
experiment a sample weighing 5 pounds 
was taken for a record of the number of 
flies emerging, but in subsequent experi- 
ments 23-pound samples were used. 

The samples were placed in withholding 
boxes and kept in a screened (16 meshes 
to an inch) insectary.’ In each box, the 
larvae that migrated from the manure to 
pupate dropped onto a layer of sand at 
the bottom of the box, and pupated in the 
sand. The puparia were sifted out and 
placed in a mixture of damp sand and soil 
in battery jars. Since some of the larvae 
pupated in the manure, the manure was 
kept in separate battery Jars. 

The flies that emerged were counted 
and removed every other day. After about 
two months, the manure and the soil-sand 
mixture containing the puparia were care- 
fully examined and discarded. All adult 
insects that were observed at that time 
were recorded and included in the data 
on fly emergence. 

Resutts.—Economically important spe- 
cies breeding in chicken manure.—At least 
24 species of flies belonging ts i+ families, 
9 species of beetles belonging to 7 families, 
6 species of hymenopterous parasites in 4 
families, and a moth have been reared 
from the chicken manure used in these 
experiments.” The house fly, Musca domes- 
tica L., was the predominant species. The 
species of flies considered of most eco- 
nomic importance are listed below in the 
order of their abundance. 


(1) Musca domestica Linn., Family Muscidae 

(2) Fannia pusio Wied., Family Anthomyidae 

(3) Ophyra chalcogaster Wied., Family Anthomy- 
idae 

(4) Volucella obesa (Fabr.), Family Syrphidae 

(5) Chrysomyia megacephala (Fabr.), Family 
Calliphoridae 

(6) Hermetia illucens (Linn.), Family Stratio- 
myidae 

(7) Phaenicia sp. near pallescens and cuprina 
(=Lucilia), Family Calliphoriade 

(8) Sarcophaga peregrina (Desvoidy), Family 
Sarcophagidae 


(9) Stomoxys calcitrans (Linn.), Family Musci- 


ae 
(10) Sarcophaga knabi Parker, Family Sarcopha- 
gidae 


In the tables containing the results of 
the experiments, the last three species are 
omitted because they occurred only in- 
frequently and in very small numbers. 
The first seven species are listed in the 
tables of all the experiments whether they 
occurred or not. 

The beetles present were mostly scav- 
engers and predators (Staphylinidae, 
Tenebrionidae, Histeridae, Hydrophilidae, 
and Nitidulidae). 

EXPERIMENT 1.—Preliminary observa- 
tions by one of us had indicated that a 
DDT dust of as high a concentration as 
10 per cent was unsatisfactory, but that 
a 10 per cent water suspension spray was 
effective. In the first experiment, there- 
fore, water suspension sprays of various 
concentrations below 10 per cent were 
tested and compared with comparable 
concentrations of a water miscible emul- 
sion. The rate of application was 21.7 ce. 
per sq. ft. 

The treatments were as follows: 

a 


) 


~ 


~— 


Water suspension spray 0.25 per cent DDT 
Water suspension spray 1.0 per cent DDT 

(3) Water suspension spray 4.5 per cent DDT 

(4) Water miscible emulsion spray 0.25 per cent 

DDT 

(5) Water miscible emulsion spray 1.0 per cent 

DDT 
(6) Water miscible emulsion spray 4.5 per cent 
DDT 


(7) Two checks. Water alone at 21.7 cc. per sq. ft. 


_ 
~— ~— 


The results of the experiment (Table 1) 
showed that DDT when applied as a 
water miscible emulsion was more effec- 
tive than when applied as a water suspen- 
sion. The emulsion spray of 0.25 per cent 
concentration of DDT gave almost a 95 
per cent control of the housefly. This 
amount of control was comparable to that 
of the water suspension spray of 1.0 per 
cent DDT. The emulsion spray at 1.0 per 
cent DDT effected complete control of 
Musca domestica, Fannia pusio, Ophyra 
chalcogaster, and Chrysomya megacephala. 
This control was equivalent in effective- 
ness to that of the water suspension spray 

! The authors are indebted to Mr. O. C. McBride, entomolo- 
gist in charge, Honolulu Fruit Fly Laboratory, Bureau of En- 
tomology and Plant Quarantine, U.S.D.A., for the use of equip- 
ment and insectary. 

2? The authors wish to acknowledge their gratitude to Mr. 
C. F. W. Muesebeck of the U.S. National Museum for handling 
the material for identification, and to the Entomology Depart- 


ment of the Hawaiian Sugar Planters’ Association for the use of 
their insect collection. 
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Table 1.—The percentage control of flies developing in poultry manure by water miscible emulsion 


and water suspension of DDT. 








CHECK 
Av. No. 


STRENGTH OF WATER 
EMULSION 


STRENGTH OF WATER 
SUSPENSION 





Fy Species or F.i1Es 


0.25% | 1.0% 


4.5% 0.25% 1.0% 4.5% 





94.9 

94.3 
100 
100 


Musca domestica 1514.5 
Fannia pusio 718.5 
Chrysomyia megace phala 36 
Ophyra chalcogaster 52.5 
V olucella obesa 0 
Hermetia illucens 0 
Phaenicia sp. 0 





100 
100 
100 
100 


85.1 
88.2 
100 

x i 6 | 


96.4 

93.5 
100 

92.4 


99.9 
100 

97.2 
100 


100 
100 
100 
100 








2321.5 | 


Total 94.9 














100 85.8 95.4 99.9 








of 4.5 per cent DDT. Consequently, when 
DDT was used as an emulsion, there was 
approximately four times greater effec- 
tiveness in fly maggot control than when 
it was applied as a water suspension. 

Of the seven species of flies considered, 
the young stages of Chrysomyia megace- 
phala appeared to be the most susceptible 
to DDT. The soldier fly Hermetia illucens 
appeared to be quite tolerant to DDT; 
several adults emerged successfully from 
manure treated with as high as 1 to 4.5 
per cent concentrations of DDT. 

Experiment II.—The highly favorable 
results obtained with DDT when used as 
an emulsion merited further studies with 
emulsions at different concentrations and 
applied at different rates. In the second 
experiment, the application was made at 
21.7 cc. per sq. ft. (Group A), and at twice 
the volume, 43.3 cc. per sq. ft. (Group B). 

The treatments were as follows: 

Group A. Rate of 21.7 cc. per sq. ft. 
(1) 0.125 per cent DDT 
(2) 0.25 per cent DDT 
(3) 0.5 per cent DDT 
(4) Check A. Water 


Group B. Rate of 43.3 cc. per sq. ft. 
(1) 0.125 per cent DDT 
(2) 0.25 per cent DDT 
(3) 0.5 per cent DDT 
(4) Check B. Water 


This experiment was repeated because 
in the first test rains were frequent and 
the manure, although out of the rain, was 
much more fluid than in the previous 
experiment. Under the wet conditions of 
the first test, several species of flies not 
previously recorded were obtained in the 
samples. These flies were Volucella obesa 
and Phaenicia sp. (=Lucilia sp.). 

The results of the second test are given 
in table 2. The concentrations of 0.125 per 
cent and above, when applied at 43.3 ce. 
per sq. ft., gave effective control of all 
the named species except Volucella and 
Hermetia. Although the number of Phae- 
nicia sp. appearing in the two tests was 
low the results indicated that this species 
was highly susceptible to DDT. The low- 
est concentration, 0.125 per cent applied 
at 21.7 cc. per sq. ft., resulted in a control 
of 98.5 per cent of Musca. 


Table 2.—The per cent control of the breeding of flies in poultry manure with two different rates of 


application of water miscible emulsions of DDT. 








Rate OF 21.7 ce. 
PER Sa. Fr. 


Rate or 43.3 ec. 
PER SQ. Fr. 








CHECK 
No. 


Strength of DDT Emulsions 


Strength of DDT Emulsions 








Fy SPEcIEs Fires | 0.125% 


0.25% 


0.5% 0.125% | 0.25% | 05% 





98.5 100 


99.7 


Musca domestica 651 
Fannia pusio 333 
Chrysomyia megacephala 0 
Ophyra chalcogaster 13 84.6 
V olucella obesa 101 0 

Hermetia illucens 3 
Phaenicia sp. 7 


100 





99.7 


53.5 


100 
100 - 
100 
100 
78.6 
0 


100 100 
100 100 
100 100 
100 100 

82.1 100 


100 
99.7 


100 
87.1 





Total 








90.2 
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EXPERIMENT 111.—The previous experi- 
ment indicated that the breeding of the 
house fly can be completely controlled 
with a concentration of either 0.25 per 
cent DDT applied at 21.7 cc. per sq. ft. 
or a concentration of half the strength, 
0.125 per cent DDT, applied at twice the 
rate at 43.3 cc. per sq. ft. Since lime is 
used regularly by poultrymen to reduce 
the odor and moisture of chicken manure, 
the following experiment was conducted 
with DDT used with and without lime.! 
The lime was added twice a week, on 
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The average of the data from these two 
replicates is given in Table 3. The results 
indicated that the addition of lime prob- 
ably reduced very slightly, if any, the 
effect of 0.25 per cent DDT on the breed- 
ing of Musca and Fannia. In the case of 
Ophyra, there was apparently a slight re- 
duction in the toxicity of the DDT to the 
larvae. The lime, however, discouraged 
the breeding of Volucella, and possibly of 
Hermetia also. The larvae of these two 
species, as indicated previously, appeared 
to be fairly resistant to DDT. 


Table 3.—The percentage control of the breeding of flies in poultry manure with water miscible 
emulsions of DDT in the presence and absence of lime. Average of two replicates. 








Lime ABSENT 


Lime PRESENT 





Emulsions 


Strength of DDT 


Check 2 
No. of 


Strength of DDT 


Emulsions 





Per Cent 








Fy SpEcIES 0.25% | 0.5% 


1.0% | Flies | Control | 0.25% | 0.5% | 10% 





Musca domestica 

Fannia pusio 
Chrysomya megace phala 
Ophyra chalcogaster 
Volucella obesa 

Hermetia illucens 
Phaenicia sp. 


99.9 
100 


100 
100 


100 
98.6 


100 
100 


100 
100 0 


100 
99.7 


99.9 
100 


875 42 . 6? 
306 0 
0 
64 0 92.2 
100 


98.4 
100 
0 0 
0 











Total 1697 99.9 














99.5 1245 99.8 











26.6 | 98.6 | 99.4 





1 The two checks and the 0.25% and 0.5% emulsions were applied at rate of 43.3 cc. per sq. ft.; the 1.0 emulsions at 21.7 cc. per 


op Ibe 
. Figures based on Check 1. 


Monday and Friday. The lime was not 
weighed, but each treatment received 
roughly equal amounts. The lime was ap- 
plied by hand and scattered over the ma- 
nure. The DDT was applied on,Friday 
after the lime treatment. 

The treatments were separated into 
two groups, one with lime applied, and the 
other with no lime. The treatments were 
as follows: 

Rate of Appli- 
cation 


cc/sq. ft. 
43.3 


Conc. of DDT 
Per Cent 
Check, Water 
Group I 
Lime Absent 43 .3 
43.3 
21.7 


43.3 


0.2 
0.5 
1.0 


Check. Water 
Group II 


Lime Present 43.3 


0.25 
0.5 43.3 


1.0 21.7 


This experiment was repeated twice 
with the same experimental procedure. 


The treatment of 0.25 per cent DDT, 
both in the absence and presence of lime, 
resulted in nearly 100 per cent control of 
Musca and Fannia. Ophyra appeared to 
be much more resistant than these two 
species. Higher concentrations of DDT re- 
sulted in over 90 per cent control of 
Ophyra. There were almost no adults of 
Chrysomyia or Phaenicia emerging from 
the manure in this experiment. 

EXPERIMENT Iv.—A residual effect of 
DDT preventing the breeding of flies in 
chicken manure was noticed in the course 
of the previous experiments. The follow- 
ing experiment was performed to obtain 
some data demonstrating this effect. The 
manure treated with DDT in the last 
replicate of Experiment III was retained 
in outdoor concrete pits with a raised gal- 
vanized iron roof. The roof prevented rain 
from wetting the manure, but there was 


Lime, a product of the Hawaiian Gas 
Fook eh Soe T. H., is made from coral rock. 
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ample space between the top and the 
sides of the pit for flies to reach the ma- 
nure and oviposit there. 

The manure was left exposed to oviposi- 
tion of flies for 2 weeks. Then after mixing 
the manure thoroughly, a 1-pound sample 
of manure was taken. 

The experiment indicated that the resid- 
ual toxic effect of DDT was maintained 
for several weeks. At the time of sampling, 
there was a fairly large number of larvae 
in the 0.25 per cent and 1.0 per cent un- 
limed treatments, very few in the 0.5 per 
cent unlimed, 0.25 and 1.0 per cent limed 
treatments, and practically none in the 
0.5 per cent limed treatment. There were 
no signs of recent oviposition. Among the 
six named species of flies, only Hermetia 
illucens emerged in fairly large numbers. 

The manure remaining in the pits was 
again examined on the nineteenth day 
after sampling and was found to have 
dried out considerably. There were no 
signs of oviposition. The manure that had 
no lime added to it had a very hard caked 
surface and was slightly moist beneath 
this surface. In this moist area, especially 
in the 0.25 per cent unlimed treatment, 
very many larvae of Hermetia were seen 
crawling about. In both 0.25 per cent 
treatments, with and without lime, there 
were many dead muscoid pupae which in- 
dicated that the larvae were able to sur- 
vive up to pupation. In the manure 
treated with lime, practically no larvae of 
Hermetia were found except for a few lar- 
vae in the damper part of the manure that 
had been treated with 0.25 per cent DDT 
and lime. 

Discussion.—At least 24 species of 
flies belonging to 14 families, several bee- 
tles and hymenopterous parasites, and a 
moth have been reared from poultry ma- 
nure. Some of the flies and beetles are of 
economic importance. Under similar Ha- 
waiian conditions, Illingworth (1923) bred 
from chicken manure 12 species of flies 
and 20 species of predators and parasites. 

Sarcophaga peregrina (=fuscicauda)was 
found by Illingworth (1923) to be the 
most abundant species breeding in chicken 
manure, while in our study, Musca domes- 
tica was the predominant species, and S. 
peregrina occurred in very small numbers. 
Stomoxys calcitrans also was very scarce 
in our manure samples. Illingworth bred 
out Sarcophaga peregrina and Stomoxys 
calcitrans in large numbers from manure 
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that had been soaked thoroughly by rain. 
In one of our experiments (Experiment 
II), the manure was very wet, but the 
number of S. peregrina and S. calcitrans 
that emerged was very low. Apparently 
wetness of manure alone does not result 
in an increase in the number of these two 
species. All six species of flies reported by 
Illingworth have been reared from chicken 
manure, and in addition, we have found 
four other species that are of possible eco- 
nomic importance. They are Volucella 
obesa (Fabr.), Chrysomyia megacephala 
(Fabr.), Hermetia alucens (Linn.), and 
Sarcophaga knabi Parker. 

The moisture content of the manure 
affected the breeding of the different spe- 
cies of flies. Under wet conditions, the 
syrphid fly, Volucella obesa, thrived, but 
did not fare very well under dry condi- 
tions. The breeding of the house fly, 
Musca domestica, was somewhat reduced 
when the manure was very moist. Illing- 
worth (1923) observed that Sarcophaga 
peregrina (=fuscicauda) and Fannia pusio 
thrived even in semi-liquid manure, but 
that they required a fairly dry place to 
pupate. On the other hand, he found that 
Ophyra chalcogaster [non nigra] was able 
to pupate in very moist manure. In the 
studies here reported, the addition of lime 
to chicken manure reduced the moisture 
content of the manure and made it some- 
what unfavorable for fly breeding. 

The effect of DDT on the breeding of 
flies in chicken manure varied with the 
form of the insecticide. DDT, when used 
as a dust at a 10 per cent concentration, 
was found ineffective in preventing fly 
breeding. DDT, when applied as a water 
suspension spray, was somewhat effective, 
but was not as effective as in the form of 
a water miscible emulsion. When used 
as an emulsion, it was roughly four times 
as effective as a water suspension spray. 
It has not been determined whether the sol- 
vent and dispersing agent, that were used 
in making the commercial stock solution 
for the emulsion, had any effect on the 
breeding of flies. 

When DDT was used as an emulsion, 
an application of 0.25 per cent DDT at 
43.3 ec. per sq. ft. was satisfactory in pre- 
venting the breeding of Musca domestica, 
Fannia pusio, Chrysomyia megacephala, 
and Ophyra chalcogaster. A concentration 
of 0.125 per cent DDT at 43.3 cc. per sq. 
ft. was almost as effective as the 0.25 per 
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cent concentration. There was nearly a 
100 per cent control of these flies when 
the concentration was increased to 0.5 per 
cent and the spray applied at 43.3 cc. per 
sq. ft. 

"The number of Sarcophaga peregrina, S. 
knabi, Stomoxys calcitrans, and Phaenicia 
sp. was too few to reach any definite con- 
culsion as to the effect of DDT upon 
them. However, Loeffler & Hoskins (1946) 
found that DDT was highly toxic to the 
larva of Lucilia sericata {Phaenicia seri- 
cata]. Simmons & Wright (1944) obtained 
very good control of the breeding of 
Stomorys calcitrans with DDT emulsion 
of 0.25 per cent concentration. 

There was probably a very slight reduc- 
tion in the toxicity of DDT when lime 
was added to the treatment. In the treat- 
ments to which lime was added there were 
more Musca domestica, Fannia pusio, and 
Ophyra chalcogaster emerging than from 
the unlimed manure. The reduction in 
toxicity, however, appeared so small that 
it might not be significant. If there was an 
actual reduction, it is not clear whether 
this reduction in toxicity was due to the 
breakdown of the DDT or to the absorp- 
tion of the DDT emulsion by the dry lime 
powder. Hydrated lime has been reported 
to be substantially inactive towards DDT, 
although impurities in the solution or in 
the lime might cause catalytic decomposi- 
tion (Chisholm 1945, Fleck & Haller 
1945). Roth (1948) has found a wide vari- 
ation among 10 commercial limes in caus- 
ing breakdown of DDT. He has found 
that a high calcium lime caused rapid 
breakdown, while a high magnesium lime 
produced little breakdown of DDT after 
16 days’ storage at 78° F. 

The action of DDT in preventing fly 
breeding was apparently through its tox- 
icity to fly larvae and possibly to the 
pupae. Dead larvae were often seen in 
treated manure. Some of the larvae in the 
treated manure were able to form their 
puparia but failed to emerge from them. 
Some, however, did emerge, but appeared 
paralyzed and were not able to maintain 
their equilibrium. These semi-paralyzed 
flies were often seen on their backs waving 
their feet in the air. They usually died a 
short time later. Olson & Dahms (1945) 
have also observed that some larvae 
breeding in sewage that had been treated 
with DDT pupated but most of the pupae 
failed to emerge and the few adults that 
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did emerge died within 2 hours. 

Of the 10 species of flies listed, the lar- 
vae of at least two were somewhat resist- 
ant to the action of DDT. They were the 
hover fly, Volucella obesa, and the soldier 
fly, Hermetia illucens. On occasions a few 
adults of these two species emerged from 
manure treated with concentrations of 
DDT as high as 0.5 per cent at 43.3 ce. 
per sq. ft. or a 1.0 per cent concentration 
at 21.7 ce. per sq. ft. Dove (1943) also 
reported that the larvae of the soldier fly 
were resistant to DDT. The addition of 
lime to the manure made the medium un- 
favorable for the breeding of these two 
species. 

Several parasitic wasps emerged from 
fly puparia in manure treated with DDT 
of a concentration as high as 1.0 per cent. 
They also emerged from treatments that 
had lime present. These wasps were 
mostly muscoid parasites. In the manure 
treated with 0.25 per cent DDT, there 
were usually a fair number of fly puparia 
and from these puparia, several parasites 
were able to emerge successfully. It ap- 
peared that in cases where DDT did not 
kill the maggots before pupation, the para- 
sites were able to complete their life cycle 
successfully. 

It has not been determined whether the 
DDT that has been applied to the manure 
at a rate adequate to kill flies has any 
deleterious effect on the nutrient value of 
the manure or on plants when the manure 
is used as a fertilizer. 

SummMary.—An investigation has been 
conducted on the control of flies breeding 
in poultry manure that accumulates on 
the dropping boards of the laying batter- 
ies at the Poultry Farm of the University 
of Hawaii Agricultural Experiment Sta- 
tion. 

At least 24 species of flies, 9 species of 
beetles, 6 species of parasitic wasps, and 1 
moth were reared from chicken manure. 
Ten of these species of flies are of possible 
economic importance to man and domes- 
tic animals. The house fly, Musca domes- 
tica Linn., was the predominant species 
found breeding in chicken manure. 

DDT is effective against fly maggots, 
especially when it is used in the form of a 
water emulsion. A water suspension spray 
of DDT is approximately one-fourth as 
effective as the emulsion spray. The dust 
form of application even at a concentra- 
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tion of 10 per cent DDT is not satisfac- 
tory. 

An emulsion of 0.25 per cent concentra- 
tion of DDT, when applied at 43.3 cc. per 
sq. ft. (about 9 pints per 100 sq. ft.), has 
been found to control adequately the 
breeding of four species of flies: Musca 
domestica Linn., Fannia pusio Wied., 
Chrysomyia megacephala (Fabr.), and 
Ophyra chalcogaster Wied. A 0.5 per cent 
concentration applied at 43.3 cc. per sq. 
ft. resulted in 90 to 100 per cent control 
of the breeding of these flies. 

The hover fly, Volucella obesa (Fabr.), 
and the soldier fly, Hermetia illucens 
(Linn.), are fairly tolerant to DDT. They 
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have been bred out of manure treated 
with DDT emulsions as high as 1.0 per 
cent. 

The addition of lime to chicken manure 
makes the manurefunsuitable for the 
breeding of Volucella obesa and Hermetia 
illucens. 

There is only a very slight reduction if 
any, in the toxicity of DDT to fly larvae 
when lime is added to chicken manure. 

It has not been determined what effect, 
if any, DDT at the low concentration 
necessary to kill the larvae might have on 
plants when DDT-treated manure is used 
as fertilizer. 
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Dr. Hacurro Yuasa ELEcTED First PRESIDENT OF THE INTERNATIONAL 
CHRISTIAN UNIVERSITY 


On June 16, 1949, in Japan, Dr. Hachiro Yuasa,a __ which he resigned in 1935 to become president of 


member of the Association, was elected president of 
the new International Christian University. Dr. 
Yuasa, a native of Annaka came to the United 
States in his late teens and settled in California for a 
time. He graduated from the Kansas State Agricul- 
tural College in 1915 and earned his Master’s and 
Ph.D. degrees in entomology from the University of 
Illinois. In 1920-21 he was research guest and assist- 
ant in zoology at the University of Chicago. During 
the next ten years his scientific work culminated in a 
professorship at Kyoto Imperial University, from 


Doshisha University. Two years later when the 
militaristic Japanese government was bringing pres- 
sure on Doshisha, for its support of creative think- 
ing, Yuasa resigned in protest. At the beginning of 
the war with Japan he was on a lecture tour in the 
United States and he remained here during hostili- 
ties. In 1946 he was repatriated and resumed his 
work at Doshisha in 1947. In his new position with 
the ICU, he believes he has opportunities to help 
develop a new Japan and a new concept of interna- 
tional relations. 





Influence of Environment on the Distribution of 
Thermal Aerosols Toxic to Mosquitoes! 


Wituram R. Horsrauy, University of Illinois, Urbana* 


Metropolitan areas are often confronted 
with a problem of abating a mosquito 
nuisance when the source of the pest is 
elsewhere. Such is the case in the Des 
Plaines Valley Mosquito Abatement Dis- 
trict in the suburban area west of Chicago. 
The swamp mosquito, Aédes verans Mei- 
gen, migrates to the area one or more 
times each summer. Insecticides in the 
form of aerosols hold promise of abating 
such a nuisance, but results from their 
routine use have been inconsistent. Ir- 
regularities are caused by variations in 
habits of the pest as well as by erratic 
distribution of the toxicant. Mosquitoes in 
flight may be killed whether or not a toxic 
fog is uniformly distributed. On the other 
hand, a uniformly distributed fog that 
drifts is required to kill inactive ones. 
Since mosquitoes, as a rule, have a short 
period of general flight during a night, ef- 
fective routine operations depend on uni- 
form dispersal of the cloud. 

Atmospheric conditions and the nature 
of the terrain determine in the main how 
well an aerosol will be distributed. Con- 
stant wind is required to drift it over a 
wide area according to Glasgow & Collins 
(1946). Changes in velocity and direction 
of wind cause eddies and spotted distribu- 
tion. Wilson et al. (1949) while working in 
Alaska in 1947 found that mists of oil 
containing DDT were dispersed erratical- 
ly in wooded areas. The material drifted 
along roads or was often dissipated above 
the trees. They reported that 10 attempts 
to kill mosquitoes and black flies in the 
woods along roads gave no “‘satisfactory” 
control after 24 hours even though rates 
of biting were temporarily low immedi- 
ately following an application. 

Some causes for indifferent abatement 
of mosquitoes with aerosols were deter- 
mined during the summer of 1949 in the 
suburban area west of Chicago where 
several thousands of pounds of DDT dis- 
solved in oil were released as thermal 
aerosols over an area of about 30 square 
miles. In addition numerous observations 
were made where the influence of various 
causes of irregular distribution of aerosol 
were considered one at a time. To this 
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end, a test area comprised of a little-used 
parking lot of several acres extent was 
selected. The ground surface was gravel 
and cinders with narrow curbed grassy 
areas parallel to the drives. Personnel and 
facilities of the Des Plaines Valley Mos- 
quito Abatement District made possible 
collection of the data. 
Meruops.—Apparatus and materials 
for evaluating effects of environment on 
the distribution of insecticidal doses of 
thermal aerosols were used in the following 
manner. All solutions used during the 
summer contained DDT 5 per cent in No. 
3 diesel oil. They were prepared in lots of 
several hundred gallons shortly before be- 
ing used. Applications were made at night 
using a fog applicator‘ mounted on a pick- 
up truck. Solutions were vaporized in a 
hot chamber at 600 to 700° F. and blown 
from a generator moving on a line per- 
pendicular to the line of drift of the fog. 
The machine was set to deliver either 3 or 
4 quarts of solution as a mist per minute. 
The lower rate was obtained by setting the 
machine to release smaller particles. 
Mosquitoes used in all experiments were 
reared females of Culex pipiens Linn. or 
C. restuans Theo. and were treated as 
follows: A stock of these was maintained 
in small cages and fed a mixture of molas- 
ses in water for 4 to 7 days before the 
mosquitoes were used. Exposures were 
made in screen cylinders 7 inches long 
by 2 inches in diameter, One end was 
capped by screen, and the other fitted 
over the small end of a lantern globe. The 
globe was stoppered at one end and closed 
by a paper diaphragm on the end attached 
to the exposure cage. Thirty mosquitoes 
were used in each replicate. Exposures 
were made at an elevation of about a foot 
above the ground. Mosquitoes were trans- 
ferred after exposure to the attached glass 
cage by making an opening in the dia- 


- Contribution 291, Department of Entomology, University of 
inois. 

2 Observations were made in the Des Plaines Valley Mosquito 
Abatement District with headquarters in Lyons, Illinois. 

3 Grateful acknowledgement of assistance is herewith made 
to Mr. J. Lyell Clarke, Sanitary Engineer in Charge, Mr. Frank- 
lin Wray, Mr. Loyd Yettaw, Mr. Arthur Rawers and Mr. 
Robert Shiwinski. 

4 Todd insecticide fog applicator. 
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Table 1.—Effect of routine dispersion of aerosol in suburban areas on caged Culex females, Des 











Plaines Valley, Illinois, 1949. 


DATE EXPOSURE 

SUBURB TREATED STATIONS 
Oak Park June Ill 3 
Riverside June 13 3 
Riverside July 11 5 
Lyons July 4 5 
Lyons July 15 5 
Brookfield July 20 9 
Brookfield July 21 10 
Brookfield July 22 10 
North Riverside July 28 7 
Maywood August 2 9 
Maywood August 2 9 


Deap MosqQviIToES PER STATION 





Mos@uIToEs Sea anand acne 
EXPOSED Max. Min. Mean% 
113 +4 25 31 

82 2 13 17 
131 100 li 61 
147 85 17 49 
114 84 0 35 
178 Q7 0 10 
283 59 0 10 
300 93 0 18 
240 60 0 20 
266 84 0 21 
268 30 0 12 





phragm and finally the glass cage was 
closed. All cages of mosquitoes were kept 
before and after exposure in paper bags 
where high humidity was maintained. 
Mosquitoes assuming abnormal positions 
at rest 12 hours after treatment were con- 
sidered as dead. 

Resutts.— Aerosols were irregularly 


dispersed during routine fogging opera- 
* 


tions in the District during the summer of 
1949. The practice was to transport the 
generator at a speed of 4 to 5 miles per 
hour back and forth along each street 
perpendicular to the line of drift of the 
fog. Caged mosquitoes were exposed in 
several situations about 350 feet from the 
street along which the generator passed. 
Percentages of mortality of mosquitoes in 
cages varied widely according to location 
as is shown in table 1. The mean percent- 
age of kill for different nights was as high 
as 61 per cent on one oceasion. Mortality 
was high in those locations where the fog 
drifted so that droplets seemed to move 
horizontally across a beam of light. When- 
ever the droplets eddied upward or had 
searcely any horizontal movement, mor- 
tality was lower or even nil. 

The first fact established was that the 
fog generated as described above was 
lethal to mosquitoes in cages, a condition 
that simulated inactive insects. Fog drift- 
ing over one area free of obstruction from 
a stationary generator kilied practically 
all of the mosquitoes at a distance of 200 
feet from the nozzle as is shown in table 
2. When the nozzle was wide open and 
vaporizing 4 quarts per minute, 95 per 
cent of the caged mosquitoes were killed 
by an exposure of 5 seconds and all were 
killed by an exposure of 15 seconds. 


Since mosquitoes are in flight only a 
part of a night enough particles must be 
dispersed to insure that those at rest are 
reached. Moving a generator across the 
line of drift will accomplish part of the 
purpose. However, chances of reaching 
greater numbers were increased by mov- 
ing a generator past each test area several 
times as is shown in table 3. For this 
experiment caged mosquitoes were ex- 
posed in a position surrounded by a strip 
of grass and at a distance of 150 feet from 
the line of passage of the machine. The 
generator was set to convert 3 quarts of 
solution to aerosol per minute. Each pas- 
sage of the machine increased the mean 


Table 2.—Effect of dispersion of aerosol at a 
rate of 4 quarts per minute from a stationary 
generator on caged Culex females 200 feet from 
generator parking lot, Brookfield, Illinois, 1949. 








EXxPosuRE MosQuIToEs MosaquitroEs 


SECONDS ExposEepD KILLED 
0 30 0% 

5 $2 95 

10 110 98 

5 60 100 

20 76 100 





Table 3.—Effect of repeated releases of aerosol 
at rate of 3 quarts per minute on the mortality of 
Culex mosquitoes exposed in cages in a strip of 
grass 150 feet from traverse line of generator, 
parking lot, Brookfield, Illinois, 1949. 








TIMES Derap Mos- 
GENERATOR Mos- QUITOES PER STATION 
Passep ExXposuRE QUITOES $$$ $$$ 
SITE STATIONS EXPOSED Max. Min. Mean 
0 2 60 3% 0% 1% 
1 8 90 12 6 9 
$ $ 90 27 0 15 
6 3 90 42 10 28 
10 3 90 93 24 61 
12 3 90 97 86 91 








~ 
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Table 4.—Effect of wind velocity near the ground and dispersion of an aerosol on mortality of caged 
Culex females, parking lot, Brookfield, Illinois, 1949. 








AEROSOL TIMES 
WIND DiscHARGED GENERA- 

VELOCITY Qrs. PER TOR EXPOSURE 
M.P.H. MINUTE PassED STATIONS 
Check 0 0 Q 

0.7 + Q 5 
6.7 + 4 5 
0.7 + 6 5 
0.7 4 8 5 
3.0 + g 5 
3.0 4 4 5 
3.0 4 6 5 
3.0 4 8 5 


Per Cent Deap Mosquitors 
PER STATION 


MosqQulitToEs - 








EXPosED Max. Min. Mean 

60 0 0 0 
150 79 36 53 
150 100 26 70 
150 100 70 SS 
150 100 $7 96 
150 94 66 80 
150 100 94 98 
150 100 97 99 
150 100 100 100 





percentage of mosquitoes killed. Twelve 
passes of the machine in rapid succession 
caused nearly complete mortality in all of 
the cages. The increased number of passes 
compensated for some of the vagaries of 
the drift. 

Some wind was necessary for the distri- 
bution of an aerosol made up of larger 
droplets as is shown in table 4. The 
machine was set to deliver the maximum 
number of large particles (4 quarts per 
minute discharge). Caged mosquitoes 
were placed in an unobstructed area 150 
feet from the line of travel of the machine. 
Wind velocity at a height of 1 foot above 
the ground was determined in miles per 
hour by means of a portable signaling 
anemometer. A 3-mile wind permitted a 
toxie dose to reach all parts of the area 
with four passes while a wind of 0.7 mile 
per hour required eight passes to do as 
well. Two passes of the machine when the 
fog was borne by a 3-mile wind distributed 


a fog well enough to kill 80 per cent of the 
moquitoes whereas six passes distributed 
the fog only a little better with wind of 
0.7 mile per hour. Wider variations in 
mortality in different cages were observed 
when wind of lower velocity was blowing. 

Aerosols were irregularly dispersed over 
terrain broken by obstructions as is shown 
in table 5. Caged mosquitoes were exposed 
at a distance of 150 feet from the line of 
travel of a generator. The terrain was ob- 
obstructed except for a strip of grass about 
18 inches high and 4 feet wide and running 
parallel to the line of travel of the ma- 
chine. The machine was set to deliver 3 
quarts of a solution per minute when a 
light wind up to 1 mile per hour was blow- 
ing 1 foot from the ground. It was set to 
deliver 4 quarts per minute when a wind 
of 2+miles per hour was blowing. The 
generator passed the test area six Limes. 
Even this narrow grass barrier affected 
the distribution of fog markedly. In the 


Table 5.—Effect of a single strip of grass and dispersion of an aerosol on mortality of caged Culex fe- 





males, when generator passed 5 or 6 times, parking lot, Brookfield, Illinois, 1949. 





AEROSOL Deap MosauiTors 
RELATION WIND DIscHARGE PER STATION 
oF BARRIER GrouND Qrts. Per Exposure MosQuItToEs 2 -- 

TO CAGES M.P.H. MINUTE STATIONS EXPOSED Max. Min. Mean 
No barrier 0-1.0 Q 2 60 91% 53% 72% 
In front of cages 0-1.0 3 2 60 40 33 36 
Surrounding cages 0-1.0 3 6 180 56 6 25 
In front of cages 2.0-2.2 4 2 60 100 72 86 
Surrounding cages 2.0-2.2 4 5 150 97 20 66 
Check — - 3 70 3 0 1 
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case of the lighter fog, mortality dropped 
from 72 per cent in cages in front of the 
barrier to half as much when the barrier 
of grass was between the generator and 
the cages. Further reduction in percentage 
of mortality occurred when the cages were 
placed inside the grass barrier. The heav- 
ier fog borne by the 2 mile wind was more 
effective in every instance than _ the 
lighter fog, but it, too, was less effective 
in the barrier than behind it. 

Aerosols containing smaller droplets 
were more effective than those containing 
heavier ones when distributed in an urban 
area during calm nights as is shown in 
table 6. The test area in this instance was 
a residential block in the village of May- 
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the rate of travel of the generator varied 
between 5 and 15 miles per hour. 
SumMAry.—Routine applications of in- 
secticidal aerosols have resulted in erratic 
abatement of mosquitoes in suburban 
areas because of variations in habits of the 
mosquitoes as well as variations in distri- 
bution of the toxicant. Diesel oil No. 3 
containing DDT 5 per cent when dis- 
persed as an aerosol from a heat generator 
was a mixture toxic enough to kill 95 per 
cent of mosquitoes in cages when exposed 
io a uniformly dense fog for 5 seconds at 
a distance of 200 feet from a generator. A 
moving generator, when assisted by a 
slight cross wind, dispersed an aerosol 
more uniformly with successive trips past 


Table 6.—Effect of rate of discharge, rate of travel of generator and dispersion of an aerosol on mor- 
tality of Culex females during calm night, residential area, Maywood, Illinois, 1949. 








TIMES TRAVEL OF 
GENERATOR GENERATOR 


DIscHARGE 
PER MINUTE 





Qr. PassED MP. STATIONS 
Check 0 _— Q 
4 6 5 9 
+ 6 10 18 
4 6 15 9 
3 6 9 
3 6 10 18 
8 6 15 9 


EXPOSURE 


Deap MosqQuliToEs PER STATION 





MosqQulitroEs 





EXxPosED Max.% Min. % Mean 

60 0 0 0 
270 3 0 1 
540 86 0 33 
270 63 3 35 
267 00 3 74 
525 80 0 38 
243 84 40 68 





wood. Cages were exposed along a line 
roughly half way between two streets 
along which the generator passed. The air 
was so calm the anemometer cups were 
motionless. The generator passed the test 
block 6 times on each street. Fog contain- 
ing larger droplets hung as a mist over and 
along the street instead of passing over 
the cages. So much oil settled behind the 
generator that the street became coated 
with oil. The lighter fog, generated at a 
rate of 3 quarts per minute, began to 
drift over the cages within 2 minutes after 
it was released and considerably higher 
kills were obtained. 

The rate of travel of the generator had 
little effect on the efficiency of aerosols in 
an urban area during calm nights as is 
shown in table 6. Neither heavy nor light 
fog was more uniformly distributed when 


a test area. No difference in uniformity of 
dispersal was noted when the forward 
speed of the generator was within the 
limits of 5 to 15 miles per hour. In a calm 
atmosphere, fogs containing smaller drop- 
lets were more effective than those con- 
taining the larger droplets at distances of 
150 feet from the generator. Mists con- 
taining larger droplets were much more 
effective when borne by winds with veloc- 
ities of 3 miles per hour near the ground 
than they were when borne by winds with 
velocities of only 0.7 mile per hour. Ir- 
regular features of the terrain such as a 
low grass barrier caused aerosols to be dis- 
tributed unevenly. Mortality of cated 
mosquitoes was higher when the cages 
when the cages were placed behind a nar- 
now barrier than when they were placed 
inside the barrier. 
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Field Tests of Clothing Treated to Repel 
American Dog Ticks! 


Purtie Granett and Caru F, Frencn? 


Although the use of chemicals to repel 
mosquitoes is now an accepted procedure 
for personal protection, similar acceptance 
of repellents for protection of individuals 
against ticks has not yet been achieved. 
Interest in such products has grown in 
recent years, however, with the apparent 
increase in abundance of ticks. 

A preliminary step in the evaluation of 
repellents for ticks was the establishment 
of a rapid laboratory test (1947) using the 
lone star tick, Amblyomma americanum 
L.. Outstanding among the chemicals 
tried by this procedure are dibutyl adipate 
and normal hexy] mandelate. Dibutyl adi- 
pate had previously been suggested as < 
mosquito repellent (1942). Hexyl mande- 
late was first tried in this laboratory as a 
mosquito repellent during the war and is 
listed in the compilation of chemicals 
tested for this purpose by the United 
States Department of Agriculture (1947). 
The latter compound was reported highly 
effective as a clothing impregnant when 
tested against mosquitoes in Alaska, re- 
maining repellent after 13 rinsings and 40 
hours of wear (1949). A recent release also 
recommends its use on clothing as a pro- 
tection against ticks (1949), the recom- 
mendation being based on tests against 
Amblyomma americanum L. 

Against ticks, impregnation of clothing 
with the repellent rather than direct ap- 
plication to the skin seems to offer the best 
means of protection. This probably re- 
sults from the fact that ticks generally 
crawl on to clothing from weeds or grass 
as one walks through infested areas. When 
clothing is impregnated with an effective 
repellent, the ticks drop to the ground in- 
stead of crawling upward in search of a 
place to attach to the skin. 

It was the purpose of the present series 
of tests to confirm, by means of field tests 
against American dog tick (Dermacentor 
variabilis Say) the relative standing of the 
materials tested in the laboratory against 
the lone star tick (Amblyomma ameri- 
canum L.). The best of these chemicals 
were then used to determine whether they 
were suitable for practical use as clothing 
impregnants. 
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Rapip Fretp Evatuation Test.—In 
the preliminary series of tests, the lower 
portions of trouser legs (approximately 30 
inches) were cut from cotton trousers and 
impregnated with an acetone solution at 
levels of 2 and 4 grams of the chemical 
under test per square foot of cloth. Sol- 
vents other than acetone, such as Stod- 
dards solvent, or dry-cleaning solutions, 
can be used. Just enough solvent is gen- 
rally used to give thorough uniform wet- 
ting of cloth without causing excessive 
run off. After the required quantity of 
chemical is put into the proper amount of 
solvent, the cloth is placed in a tray and 
the solution poured over it. The cloth is 
removed and laid flat for initial drying 
and then hung up until ready for trial. 
The test procedure was for a tester wear- 
ing untreated trousers to roll one pant leg 
up to the knee and to put on a treated 
pant leg to cover this area. The bottom 
was fastened with a rubber band around 
the ankle so that the untreated sock was 
covered and the top rolled to attach just 
above the knee. Direct comparison could 
be made with the other trouser leg, 
which was left in place to serve as an 
untreated check or could also be rolled 
up and another treated, or untreated, 
pant leg tried in its place. The tester 
then walked through the infested area, 
counting ticks on both sides which 
crawled up from shoe level to knee, at 
which point they were removed and 
counts recorded. The tests were repli- 
cated, two individuals trying each treat- 
ment. Through the cooperation of Dr. D. 
L. Collins and Mr. R. V. Nardy of the 
New York State Science Service, a locality 
heavily infested with American dog ticks 
(Dermacentor variabilis Say) was found at 
Amagansett, Long Island, N.Y. Several 
hundred ticks could be picked up on un- 
treated clothing in a five or ten minute 
walk through paths paralleling the shore 
areas in this vicinity. The results of trials 
with 11 chemicals which had been im- 

1 Paper of the Journal Series, New Jersey Agricultural Experi- 
ment Station, Rutgers University, the State University of New 
Jersey, Department of Entomology. 

2 Investigations conducted under a research fellowship spon- 


sored by Carbide and Carbon Chemical Corporation at Rutgers 
University. 
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Table 1.—Tick repellency tests against American dog tick, using trouser legs impregnated 3 days 
or 3 weeks prior to test at 2 and 4 grams per sq. ft. Repellency in the laboratory is also indicated. 
(Identification of numbered compounds withheld at this time.) 








_Per CENT Rere LLENCY OvER Us NTRE ATED! 


$ grams square foot 


CHEMICAL 3 Days 3 3 Weeks 
Dibuty] Adipate 96.5 96.4 
Dipropy! Adipate 88.5 98.3 
Compound No. R285 88.0 74.8 
Compound No. R522 98.8 60.6 
n-Hexyl Mandelate 95.0 97.5 
Compound No. 3512 87.2 89.5 
Diethyl] Adipate 84.0 57.0 
Compound No. 5321 80.4 84.5 
Diallyl Adipate 74.5 — 
Dimethyl Phthalate 78.5 37.6 
Butyl Mesity] Oxide 

Oxalate (Indalone) 77.5 67.5 


2 grams ‘square ae 


3 Days 3 $ Weeks Lab. Test? 
100.0 90.0 90 
92.0 41.0 90 
91.0 39.4 — 
81.0 54.0 75-90 
94.3 98.2 90 
77.8 75.8 80 
67.5 70.6 50 
70.7 81.0 90 
76.0 — — 
73.6 53.5 50-75 
53.5 69.2 50-70 





1 There were an average of 50 ticks on untreated side for each replicate. 


No. ticks on untreated 
Per Cent Repellency =—-—— — - 
No. ticks on untreated 


No. on treate ed 


-=100 


2 Lab test method using Amblyomma americanum described by Granett and Sacktor (1947). 


pregnated 3 days and also 3 weeks prior to 
use are summarized in table 1.) All im- 
pregnated clothing in this and succeeding 
trials was stored, prior to tests, hung 
loosely from the ceiling in a well-ventilated 
room at temperatures of 70° to 85° F. 

There was a definite gradation in effec- 
tiveness, indicating that the method could 
serve as a rapid intermediate step between 
laboratory and extensive field trials. Di- 
butyl adipate and n-hexyl mandelate pro- 
vided excellent protection at both levels 
of impregnation and for both recent and 
3-week-old periods of impregnations. Some 
materials, such as compound R522, under 
these conditions protected only when 
freshly impregnated at the heavier dos- 
age. N-dipropyl adipate and R85, al- 
though providing some protection, were 
not so consistent as the first two chemicals 
mentioned. The remaining materials in- 
cluding dimethyl phthalate and n-butyl 
mesityl oxide oxalate (indalone) provided 
only moderate protection. The last two 
compounds were tried because they had 
been reported as providing a moderately 
high degree of protection under Georgia 
and Texas conditions (1946). 

Test OF IMPREGNATED DraG CLorus. 
—Drag cloths are often used by investiga- 
tors to estimate the tick population in an 
area. Consequently, a test was also made 
in which some of the chemicals were im- 
pregnated on 1 square yard of heavy felt 


cloth at 2 grams per square foot and the 


cloth squares subsequently used as a drag 
over infested paths. Although a measure 
of the relative repellency of the chemicals 
could be obtained by counting the ticks 
on these cloths, the impression was gained 
that the tests with the treated trouser 
legs was just as rapid and gave a more reli- 
able picture of how the treatments would 
behave under conditions of actual use. 
Table 2 presents the results obtained. 

TRIALS WITH CovERALLS.—The best of 
the treatments uncovered in the previous 
trials were now used to impregnate cover- 
alls (Army HBT) at 2 grams per square 
foot from acetone solutions. Two men, one 
wearing a treated suit and the other an 
untreated, walked along infested lanes for 
intervals of 4 hours for each test. The 
legs of the coveralls were left free at the 
bottom and no attempt was made to re- 
move ticks from the clothing during this 
period. Counts were made periodically of 
all ticks seen to be definitely on the cloth- 
ing and crawling upward between ankle 
and knee. The exposure in numbers was 
recorded each hour and totalled for the 4 
hour period. At the end of this time, any 
ticks found on the body or attached to the 
skin were also counted and removed. 

It will be evident from the summary of 
these trials, presented in table 3 that, 
judged from the number of ticks found on 
the body, or attached at the end of the 


1 In addition to the authors, test personnel included Donald P. 
Connola, Kile Barbehenn, and Ralph Martinson. 
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Table 2.—Tick repellency tests using cloth squares impregnated 4 days prior to test at 2 grams per 


square foot. 








No. or Ticks ATTACHED AFTER DRAGGING 
Criotn InpicaTED DistTaNcE 





Ist Test 2nd Test 3rd Test % Rep.* 

CLotu DraG -—-—-——- - -—————— ——_————- Tota No. Over 

TREATMENT No. Yards No. Y ards No. Yards Tic KS UNTREATED 
Untreated 26 100 64 200 61 200 151 
Indalone 2 100 22 200 12 200 36 76 
Dibuty] adipate 2 100 6 200 13.200 21 86 
Dipropy]! adipate 4 100 7 200 1 200 12 92 
R522 4 100 13 200 6 200 23 85 
n-Hexyl mandelate 1 100 7 200 5 200 13 91 





No. ticks on untreate d—No. of treated 


No. on untres ated 


* Per cent Repellency = 


four hour period, dibutyl adipate or 
n-hexyl mandelate treatment of coveralls 
2 to 4 days before being worn gave 95 per 
cent repellency as compared with un- 
treated checks. Indalone provided 50 per 
cent protection. 

TriALts oF Trousers, 2 WEEK OLD 
‘TREATMENTS, IMPREGNATED WITH EMUL- 
sions.—It was desirable to know whether 
adequate protection could be obtained if 
trousers, instead of coveralls, were 
treated; whether 1 gram per square foot 
of cloth would be satisfactory; and if 
water-emulsions! could be used. In the 
trials conducted (Table 4) coveralls 
treated 2 weeks previously were included. 

The results of this series of tests indi- 
cate that trousers impregnated with 
either dibutyl adipate or hexyl mandelate 
were as effective as coveralls in preventing 
attachment of ticks to the body. This was 


shown in the tests in which water-emul- 
sion impregnated trousers were worn. One 
gram per square foot treatments also gave 
good protection although there was an 
indication in the case of dibutyl adipate 
that 2 grams per square foot would be 
preferable. Coveralls treated two weeks 
prior to exposure still gave very good pro- 
tection, although again the dibutyl adi- 
pate was not quite so effective as the hexy! 
mandelate. 

ToxicoLocy.—From limited informa- 
tion which is available on the toxicology 
of these materials, both n-hexyl mande- 
late and dibutyl adipate appear safe to 
use when impregnated on outer clothing 


‘An emulsion concentrate of 1 part emulsifier to 9 parts 
chemical was first made using emulsifier 75H14S8 (Carbide and 
Carbon Chemical Corp.); Triton X-100 (Rohm and Haas Co.); 
or Tween 80 (Atlas Powder Co.). One part of concentrate is 
mixed with 16 parts water for final emulsion in which clothes are 
dipped. About 1 pint of finished emulsion is re a to impreg- 
nate a pair of trousers to the 2 g. per sq. ft. leve 


Table 3.—Tick repellency tests on coveralls impregnated 2 to 4 days prior to trial at 2 grams per 


square foot of cloth. 








NUMBER oF Ticks 


On 
Suit’ 


4 Hrs. 
EXPOSURE 


COVERALLS 





Untreated 904 No count 
641! 247 
Indalone 296! 48 
289 No count 
Dibutyl adipate? 82 No count 
44 No count 
n-Hexyl Mandelate? 93 No count 
100 No count 


— PER CENT 
On Bopy anv Rep. Over 
Body Attac hed ATTACHED UNTREATED‘ 
219 40 
136 20 415 
87 18 
85 23 213 49 
7 4 
4 3 18 96 
3 ] 
13 5 21 95 





12 Hour test period. 
2 Many ticks seen to drop off these two treatments. 


3 5 days after exposure 52 live ticks were found on untreated coveralls, whereas none were found on treated coveralls. 


No. on body and attached on untreated — No. on body and attached on treated 
x1 





4 Per cent repellency = —--——— 


No. on body and attached on untreated 
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Table 4.—Tick repellency tests comparing effectiveness of treated coveralls and trousers from ace- 
tone and water emulsions at 1 and 2 grams per square foot. 














Toran Finau Count Tora. 
No. Ticks — ————-_ NO. ON Per Cent 
2 Hours On On Bopy or Rep. Over 
TREATMENT EXPOSURE Suit Body Attached Arracnep UNTREATED 
Covedalls 
(Impregnated 2 weeks before 
2 g./sq. ft.) 
n-Hexyl Mandelate 7 6 4 0 + 95 
Dibutyl Adipate 52 6 7 2 9 89 
Untreated 395 209 66 13 79 — 
Trousers! 
Emulsions at 2 g./sq. ft. 
n-Hexyl Mandelate 57 6 0 0 
29 4 0 0 0 100 
Dibutyl Adipate 39 4 0 0 98 
12 ] 1 0 0 
Untreated 215 106 37 3 
287 101 17 3 60 
Acetone Solutions 
at 1 g./sq. ft. 
n-Hexyl Mandelate $2 3 0 0 
25 + 1 0 1 98 
Dibutyl Adipate $2 8 4 0 
70 8 12 0 16 62 
Untreated 155 52 26 0 
136 37 16 0 42 — 





1 Trousers impregnated 4 days prior to test. 


at levels of 2 to 4 grams per square foot. 
No irritation was experienced in testing 
for 8 hour periods. 

SUMMARY AND ConcLusions.—Rapid, 
preliminary field trials of tick repellents 
can be conducted using impregnated cut 
trouser legs (portion from bottom to 
knee). ‘Testers can readily wear a series of 
treated trouser legs in infested areas and 
observe the numbers of ticks crawling on 
these as well as the numbers crawling on 
an untreated trouser leg (or another treat- 
ment) worn at the same time. This method 


appears to afford more reliable informa- 
tion than does the use of treated drag 
cloths. A practical test of dibutyl adipate 
and n-hexyl mandelate on coveralls and 
trousers revealed that an impregnation of 
2 grams per square foot, either from a 
highly volatile solvent such as acetone or 
from water emulsion, provided a high 
degree of protection during a 2 to 4 hour 
period. Adequate protection was evident 
even when clothing had been impregnated 
2 weeks prior to test. 
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Toxicity Index—An Improved Method of Comparing the 
Relative Toxicity of Insecticides! 


Yun-PEr Sun,? Julius Hyman & Co., Denver, Colo. 


The problems encountered in determin- 
ing the value of new synthetic organic 
compounds as potential insecticides, the 
variations obtained between laboratories 
in comparing the toxity of common in- 
secticides and the difficulties in obtaining 
consistent results in one laboratory all 
emphasize the necessity for some im- 
proved method for evaluating the relative 
toxicity of insecticides. While much effort 
has been expended in standardizing insect 
cultures and testing prodecures in order 
to obtain reproducible data, the inevitable 
variations in the susceptibility of insects 
to insecticides caused by fluctuating envi- 
ronmental conditions and other uncon- 
trolled and uncontrollable factors have 
prevented the attainment of the set goal. 

A study of the literature reveals that in 
some papers the relative toxicity of eco- 
nomic poisons has been compared with a 
standard. Rideal & Walker (1903) com- 
pared the toxicity of bactericides by 
phenol coefficient which is the ratio of the 
killing dose of phenol to that of the un- 
known. Later Young & Cooper (1917) 
modified their procedure and used copper 
sulfate as a standard to determine fungi- 
cidal coefficient of common fungicides. 
Fleming & Baker (1934) determined the 
“coefficient of effectiveness” of a material 
by dividing the median lethal concentra- 
tion of the standard insecticide by the 
median lethal concentration of the mate- 
rial under test. Wilcoxon & McCallan 
(1939) suggested a standard fungicide, 
such as bordeaux mixture, to compare the 
relative toxicity of fungicides. Horsfall et 
al. (1940) used bordeaux mixture as a 
standard to compare fungicidal values and 
calculated the ratio of LD 50 values as 
“bordeaux coefficient.” Bliss & Marks 
(1939) pointed out that ratios of LD 50 
values of standard and test material give 
a rough approximation of relative per- 
formance, but these should not be trusted 
too implicitly. Occasionally, some recent 
authors also used LD 50 ratios to express 
the relative toxicity of insecticides, but no 
serious consideration has been given to 
the reproducibility of the results under 
different testing conditions. 
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Toxicity INpex; Its Derrnition, Dr- 
TERMINATION AND CONSISTENCY.—Toxic- 
ity index is used as a relative value of ex- 
pressing the toxicity of insecticides. It is 
defined as the ratio between the LD 50 
(expressed in this paper as the median 
lethal concentration) of a standard in- 
secticide and that of the test sample, mul- 
tiplied by 100. The toxicity index of a 
standard insecticide used in any case is 
always taken as 100. An insecticide which 
is more toxic than the standard should 
have an index greater than 100, and vice 
versa. Unlike per cent mortality or the 
LD 50, the toxicity index of an insecticide 
should remain reasonably constant. 

In the following experiments the rela- 
tive toxicity of insecticides to house flies 
was determined by the horizontal tunnel 
spray method devised by Roan & Kearns 
(1948) with some minor modifications. 
Instead of the gradually contracting 
spraying tunnel as designed by the orig- 
inal authors a uniform 4-inch diameter 
pipe is used. Thus, the wind velocity in 
the tunnel can be measured by an ane- 
mometer (4-inch diameter), instead of an 
inclined manometer. 

Four-day old (average) house flies, 
Musca domestica L., (N.A.I.D.M. 1948 
strain) were used as test insects and reared 
in accordance with the procedure specified 
by the National Association of Insecticide 
and Disinfectant Manufacturers for the 
Peet-Grady method (1948). All tests were 
carried out at 80°+2°F. and 40 to 50 per 
cent relative humidity. During counting, 
flies were anesthetized with a stream of 
carbon dioxide (at room temperature), 
just slow enough to keep them quiet. 
They were allowed to recover from the 
anesthetic before spraying. Since flies 
from different cages may differ in their 
resistance to insecticides, they should be 
properly mixed and sampled so that the 
flies used for each test should be a rep- 
resentative sample of that day’s popula- 
tion. The difference in the length of time 


1 Presented at the annual meeting of the American Association 
of Economic Entomologists at Tampa, Florida, December 13-16, 
1949. 

2 Acknowledgement is made to E. R. Johnson and C.S. Achey 
for their help in the tests, and to the chemists of Julius Hyman 
Co. for preparing pure compounds. 
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of anesthesia should also be taken into 
consideration during sampling. 

To determine the LD 50 of an insecti- 
cide, at least three concentrations of solu- 
tions of the test sample and four concen- 
trations of the standard solution should be 
used. The concentrations should be of 
such strength that the mortalities pro- 
duced by three concentrations should 
range from 30 to 80 per cent. Too high or 
too low mortalities decrease the accuracy 
of such determinations. The standard 
conditions used in normal tests are de- 
scribed as follows: All solutions were made 
with No. 10 oil’ and expressed as weight / 
volume per cent. A constant volume of 
0.6 ml. of each solution was sprayed at a 
6-pound per square inch pressure through 

No. 20 hypodermic needle and passed 
through the spraying tunnel at a velocity 
of 10 miles per hour. After spraying, flies 
were anesthetized and immediately trans- 
ferred into a recovery cage provided with 
food. Three cages, each containing 100 
flies, were used for each solution so that 
900 flies were used for each test sample 
and 1200 flies for the standard. Mortality 
counts were made 18 to 20 hours after 
spraying. Both dead and moribund flies 
were considered as “dead.” Average per 
cent mortality was plotted against its 
corresponding concentration on a_ log- 
probits paper. The LD 50 values for test 
samples and the standard were read frou 
the curves and used in the following caicu- 
lation of toxicity index. 

ii a LD 50 of the standard — 

: LD 50 of a test sample 

Two years’ experience with thousands 
of determinations of toxicity indexes of 
new compounds and production batches 
indicated that the relative toxicity of 
samples remained fairly constant when 
expressed as toxicity index. Many sam- 
ples were re-tested from time to time. The 
variation of their toxicity indexes was 
within the limits of experimental error, 
even when the susceptibility of flies to 
the same material had varied from 50 
to 100 per cent. Such consistency in the 
toxicity index led to the theory that the 
change in the LD 50 of the standard in- 
secticide caused by the changes in the 


susceptibility of flies and the environ- 
mental conditions was accompanied by a 
proportional change in the LD 50 of a 
test sample. Hence, the toxicity index re- 
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mains nearly constant. In the following 
sections, toxicity results were obtained 
by changing one or more physical or bio- 
logical factors on the same day tests so 
that their effects can be evaluated for both 
LD 50 and toxicity index. The experi- 
ments were performed under standard 
conditions as mentioned above, unless 
otherwise stated. 

Errects OF PuysicaL Factors on LD 
50 anp Toxicity INDEx.—Roan & Kearns 
(1948, Fig. 3) show that as the pressure 
increases, the values for droplet size, num- 
ber of droplets per unit area, time for 
spraying and mortality of insects decrease. 
Some of the results described below can 
be explained by their findings when per 
cent mortality or LD 50 is discussed. 
However, in spite of the great variations 
in the mortality of flies and the LD 50 
resulting froin the change of one or more 
of the physical factors, the toxicity index 
of the test sample remains nearly con- 
stant. To anticipate the degree of varia- 
tion in results one should compare the dif- 
ferences in terms of percentage of changes 
rather than absolute differences of two 
numerical values. 

A constant volume of 0.6 ml. is an 
arbitrary standard selected for all sprays. 
Any change of the volume of sprays will 
certainly increase or decrease the per cent 


Table 1.—Effect of the volume of spray on 
LD 50 and toxicity index of insecticides. 








LD 50, PER CENT Toxicity INpEx 


0.6 wl. 0. 4 al. 0.6 ml. 0.4 mi. 
Insect ToxicantT Spray Spray Spray Spray 
Special Tech. Chlor- 0.040 0.053 100 100 
dane (Standard) 
Alpha-chlordane 0.092 0.127 43 42 





mortality as well as the LD 50. Table 1 
shows that when the spraying volume of 
alpha-chlordane‘ was decreased from 0.6 to 
0.4 ml., the LD 50 was changed from 
0.092 to 0.127 per cent. A similar change 
was also noticed on special technical 
chlordane.’ However, the change of spray- 
ing volume did not cause any significant 
change in the toxicity index of alpha- 
chlordane which was 43 and 42 for 0.6 and 
0.4 ml. sprays respectively. 

3 Standard Oil Company, Denver, Colo. 

4 Alpha-chlordane is a cry stalline compound having the em- 
pirical formula CioHsCls and is a stereoisomer of the structure 
re presented by the systematic name 1,2,4,5,6,7,8,8- octachloro- 
3a,4,7,7a-tetrahydro-4,7- smethanoindane, This sample has a 


melting point of 101-102.5 
5 A special laboratory an of redistilled technical chlordane, 
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Table 2.—Effect of the wind velocity in the 
spray tunnel on LD 50 and toxicity index of in- 
secticides. 








Toxicity InpEx 





LD 50, Per Cent 


17.2 





8.6 17.2 8.6 
Miles Miles Miles Miles 
er r or r 
Insect ToxicaNnt Foal fl Hour yall 
Special Tech. Chlor- 0.032 0.0263 100 100 
dane (Standard) 
A research sample 0.0088 0.0072 363 365 





Table 3.—Effect of needle size (or fineness of 
spray) on LD 50 and toxicity index of insecticides. 








LD 50, Per Cent Toxicity INDEX 


No. 20 No. 24 No. 20 No. 24 
Insect Toxicant Needle Needle Needle Needle 
Special Tech. Chlor- 0.035 0.044 100 100 
dane (Standard) 
Alpha-chlordane 0.080 0.106 44 $2 





To evaluate the effect of wind velocity 
in the spraying tunnel on the LD 50 and 
toxicity index of a research sample against 
special technical chlordane as the standard, 
air velocity at 8.6 and 17.2 miles per hour 
was tested for two series of experiments in 
the same afternoon. By doubling the air 
velocity (17.2 miles per hour), the LD 50 
of both the standard and the sample de- 
creased 18 per cent, while the toxicity 
index of the sample was almost un- 
changed, @.e. 363 at 8.6 miles per hour and 
365 at 17.2 miles per hour (Table 2). 

The finer the needle, the finer the spray 
that will be obtained, with corresponding 
reduction in the toxicity of insecticides. 
Therefore, a higher LD 50 was obtained 
for both special technical chlordane and 
alpha-chlordan, when sprayed with a No. 
24 needle (with a smaller inside diameter) 
than with a No. 20 needle (Table 3). How- 
ever, the toxicity index of alpha-chlordane 
remained nearly constant. 

In table 4 a combination of variations 
of both needle size and spraying pressure 
was tested. In spite of significant differ- 
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ences in LD 50 values for both aldrin®’ and 
alpha-chlordane, the toxicity index of 
alpha-chlordane varied only from 14.0 to 
14.5 against aldrin as the standard. 

Errects or BioLtocicaL Factors ON 
LD 50 anp Toxicity [NpDEx.—It is a well 
known fact that variations of biological 
factors would change more or less the 
toxicity of insecticides tested under the 
same conditions. The following biological 
factors, either individually or in combina- 
tion, have been studied when other fac- 
tors were kept constant. The degree of 
each factor affecting the LD 50 and toxic- 
ity index is shown in tables 5 to 9. 

Different criteria of death and different 
lengths of time between spraying and 
counting mortality have been used by 
entomologists in testing the toxicity of 
insecticides. No single standard has been 
agreed upon and applied by all entomol- 
ogists for even a single species of insect. 
The degree of these two factors affecting 
the LD 50 and toxicity index is shown in 
tables 5 and 6. When the mortality counts 
were made on the basis of dead flies only 
the LD 50 of aldrin was 50 per cent higher 
than that based on dead and moribund 
flies (Table 5). However, the toxicity 
index of aldrin remained constant (50) 
when compared against dieldrin’ as the 
standard. Similar results were also ob- 
tained when alpha-chlordane was com- 
pared against special technical chlordane. 
The variation of the toxicity index of 
alpha-chlordane was within the limits of 
experimental error (Table 5). 

When a production batch of aldrin 
(technical grade; 60 per cent purity) was 
compared against pure aldrin as the 
standard the LD 50 varied significantly 
with the criterion of death and the length 
of time of counting mortality. However, 


6 1,2,3,4,10,10-hexachloro- 1,4,4a,5,8,8a- hexahydro-1,4,5,8 - di- 
methanonaphthalene with a melting point of 103-104° C. 

7 1,2,3,4, 10, 10-hexachloro-6, 7-epoxy-1,4,4a,5,6,7,8,8a-octahy- 
dro-1,4,5,8-dimethanonaphthalene with a melting point of 175- 
176° C, 


Table 4.—Effect of needle size and air pressure on LD 50 and toxicity index of insecticides. 








LD 50, Per Cent 


Toxicity INDEX 








No. 20 Needle 
and 12 |b./sq. 


Insect ToxIcaNtT in. Pressure 


No. 24 Needle 
and 6 lb./sq. 
in. Pressure 


No. 20 Needle No. 24 Needle 
and 12 lb./sq. _ and 6 lb./sq. 
in. Pressure in. Pressure 





Aldrin (Standard) 0.0138 


Alpha-chlordane 0.095 


0.0165 100 


0.118 


100 


14.5 14.0 
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Table 5.—Effect of criterion of death on LD 50 
and toxicity index of insecticides. 








Toxicity INpEx 


LD 50, Per Cent 

















Dead Dead 
and and 
Mori- Dead Mori- Dead 
Insect TOXxICANT bund Only bund Only 
Dieldrin (Standard) 0.00505 0.0075 100 100 
Aldrin 0.010 0.015 50 50 
Special tech. chlor- 0.0335 0.042 100 100 
dane (Standard) 
Alpha-chlordane 0.080 0.107 1/2 40 





Table 6.—Effect of the length of time of count- 
ing mortality and criteria of death on LD 50 and 
toxicity index of insecticides. 








LD 50, Per Cent Toxicity Inpex 





24-hour 

















18-hour 18-hour 24-hour 

or- Mor- Mor- Mor- 

Insect TOXIcaNT tality tality tality _ tality 

A. Mortality based on dead and moribund flies. 
Aldrin (Standard) 0.0072 0.0067 100 100 
Aldrin (Tech.) 0.0113 0.011 64 61 
B. Mortality based on dead flies only. 

Aldrin (Standard) 0.0102 0.0079 100 100 
Aldrin (Tech.) 0 0168 0.0125 61 63 





the toxicity index of that sample was 61 
and 63 for 18 and 23-hour counts respec- 
tively on the basis of dead flies only and 
was 64 and 61 for 18 and 24-hour counts 
respectively on the basis of both dead and 
moribund flies (Table 6). 

The effect of age of house flies on the 
per cent mortality and the LD 50 is 
familiar to entomologists. The standardi- 
zation of age within one day difference 
may reduce the variation in results, but 
can only be done with extra work. It is 
not uncommon that different ages of flies 
have been used by many workers. The dif- 
ference in the susceptibility of insects at 
different ages makes impossible the com- 
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parison of relative toxicity of insecticides 
on the basis of per cent mortality or LD 
50, when two age groups are tested in dif- 
ferent laboratories. In table 7, it is shown 
that on the basis of LD 50 values, the 
average resistance of 5-day old flies to 
aldrin and dieldrin was 23, 36, and 47 per 
cent greater than 3-day old flies on three 
different days. However, within one day 
the difference in resistance was very simi- 
lar for both compounds. This may be the 
reason why the toxicity index of aldrin 
remained nearly constant when compared 
with dieldrin as a standard on different 
days with different ages of flies. 

Both physiologically and toxicologically 
food is one of the important factors affect- 
ing the rate of development, the size of 
insects, and the susceptibility of insects 
to insecticides. In standard cultures the 
average weight of 100 pupae of house 
flies was 19 mg. By doubling the number 
of eggs in a similar culture the average 
weight of 100 pupae was reduced to 14 
mg. Flies from both cultures were sprayed 
on the same day and under the same con- 
ditions. On the basis of the LD 50 larger 
flies were 19 to 26 per cent more resistant 
than smaller flies. However, the toxicity 
index of special technical chlordane was 
29 and 31 respectively when heavier and 
lighter flies were used (Table 8). The vari- 
ation in toxicity index is much less than 
that of the LD 50 and is within the limits 
of experimental error. 

Research entomologists strive to keep 
the mortality of insects in the control or 
check as low as possible. However, occa- 
sionally or under certain conditions the 
mortality of insects in the control is higher 
than expected. Abbott’s formula is often 
used to make such corrections. High mor- 
tality in the control or check means 


Table 7.—Effect of age of house flies on LD 50 and toxicity index of insecticides. 








REPLICATE a 


LD 50, Per Cent 


Toxicity INDEx 














SERIES INSECT eae Sidley 5-day 3-day 
NUMBER TOXICANT Old Flies Old Flies Old Flies Old Flies 
] Dieldrin (Standard) 0.0057 0.0045 100 100 7 
Aldrin 0.012 0.010 : 48 45 
Q Dieldrin (Standard) 0.00505 0.0036 100 100 i 
Aldrin 0.010 0.0076 50 47 
7 3 Dieldrin (Standard) 0.0075 7 0.0051 100 100 
Aldrin 0.015 0.0102 50 50 
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weaker insects or improper handling of 
insects and consequently the per cent 
mortality goes up and the LD 50 drops. 
Table 9 shows that the corrected LD 50 
values of alpha-chlordane and four pro- 
duction samples of technical chlordane are 
much higher than the original values. 
When the relative toxicity of technical 
chlordane is expressed as toxicity index the 
differences between the original and cor- 
rected indexes are negligible. It was also 
found that when the same insecticide was 
tested on different days with different 


house flies. The N.A.I.D.M. strain of 
house flies has been used in laboratory 
tests more than any other strain. If a cer- 
tain strain of flies is to be used as a stand- 
ard in all testing laboratories, it is neces- 
sary to have a method of defining the 
strain. Frequent mixing of flies from vari- 
ous laboratories may give us a strain hav- 
ing the same degree of resistance in dif- 
ferent laboratories, but does not assure us 
a standard strain which will retain its 
present degree of resistance. Therefore, it 
is essential to define the strain not in 


Table 8.—Effect of nutrition (or size of flies) on LD 50 and toxicity index of insecticides. 








LD 50, Per CENT 


Toxicity INDEX 











Av. Wt. of 
Insect 'TOXICANT Pupae=19 mg. 
Aldrin (Standard) 0.0107 
Special technical chlordane 0.0365 








Av. Wt. of Av. Wt. of Av. Wt. of 
Pupae= 14 mg. Pupae=19 mg. Pupae=14 mg. 
0.0090 100 100 
0.029 29 31 





Table 9.—Effect of mortality of flies in control on LD 50 and toxicity index of insecticides. 








LD 50, Per Cent 


Toxicity INDEx 











Original 
Insect ToxICANT Value 
Alpha-chlordane (Standard) 0.066 
Tech. chlordane 9-486A 0.036 
Tech. chlordane 9-489A 0.035 
Tech. chlordane 9-479A 0.038 
Tech. chlordane 9-487A 0.041 


Mortality of flies in control= 16% 


Corrected 





Corrected Original 
Value Value Value 
0.078 100 100 
0.0435 183 180 
0.041 188 190 
0.046 173 170 
0.0505 161 154 





mortalities in the control the toxicity 
index of that insecticide remained nearly 
constant. For example, on one day when 
the mortality of flies in the control was 21 
per cent, the toxicity index of special 
technical chlordane was 31 using aldrin as 
the standard. On another day the toxicity 
index of the same sample of special tech- 
nical chlordane was 29 when the mortality 
of flies in the control was only 5 per cent. 
In both cases no correction of mortality 
was made. It appears therefore that de- 
spite the degree of mortality in the con- 
trol and with or without correcting for 
the mortality of flies in the control the 
toxicity index remains nearly constant. 
Strains of house flies resistant to various 
insecticides have been found by many 
entomologists. Even in the laboratory, 
flies may develop resistance to certain in- 
secticides as a result of contamination. It 
is no longer possible to define normal 


terms of its size, past history or resistance 
to one insecticide, but on the basis of the 
toxicity indexes of several common in- 
secticides tested repeatedly on that strain. 
For example the N.A.I.D.M. 1948 strain 
of house fly can be defined as the strain 
giving such toxicity indexes to the follow- 
ing insecticides: dieldrin=657, gamma- 
benzene hexachloride = 480, aldrin=317, 
rotenone = 123, DDT=66, pyrethrins= 
52, alpha-chlordane=40, and _ technical 
toxaphene =23, when special technical 
chlordane (Toxicity index = 100) was used 
as the standard (Table 10). Other insec- 
ticides can be added if necessary. This is 
only an example of how a fly strain can 
be defined by its relative resistance to in- 
secticides. Several common insecticides 
should be agreed upon by all laboratories 
and used for this purpose. 

The Hyman strain of flies has been con- 
sidered to be more resistant to chlordane. 








Table 10.—Relative toxicity to two strains of 
house flies of some common insecticides and new 
compounds. 








Toxicity To 
N.A.1.D.M. 
1948 STRAIN 


Toxicity TO 
HyMAN STRAIN 





No. of Average No. of Average 
Repli- Toxicity Repli- Toxicity 
Insect TOXIcANT cates Inde x cates Index 
Dieldrin' 7 657 10 610 
Gamma-benzene? l 480 1 520 
hexachloride 
Aldrin? 13 317 22 288 
Beta-chlordane* 2 189 3 181 
Rotenone® 2 123 ~- 
Special tech. chlor- 46 100 45 100 
dane® (Standard) 
pp’-DDT? 1 66 1 68 
Pyrethrins® l 52 1 49 
Alpha-chlordan® 18 40 7 44 
Toxaphene, tech. l 23 — — 





1 m.p. 175-176° ra ; Julius Hyman & Co., Denver, Colo. 
2 m.p. about 110° 
3 m.p. 103-104° C 
Same empirical ‘formula as alpha-chlordane, 
105° C.; Julius Hyman & Co. 
6 Pure rotenone; John Powell & Co., Inc., New York, N. Y. 
®A special sample of redistilled technical chlordane made in 
the laboratory; Julius Hyman & Co. 
7 Aerosol grade, s.p. 104° C.; Hercules Powder Co., 
ton, Del. 
sp vrocide 175, containing 20 per cent pyrethrins, McLaugh- 
lin Gormley King C 0. , Minnea lis, Minn. 
* m.p. 101-102.5° C.; Julius Hyman & Co. 
10 Technical grade, containing 67-69 per cent chlorine; 
cules Powder Co. 


When both N.A.LD.M. (1948) and Hy- 
man strains were sprayed on the same day 
under the same conditions the LD 50 of 
special technical chlordane was 0.038 per 
cent for Hyman strain and only 0.0265 per 
cent for the N.A.I.D.M. strain. It ap- 
pears therefore that the Hyman strain is 
about 40 per cent more resistant to chlor- 
dane than the N.A.I.D.M. strain. How- 
ever, the same day results showed that the 


; Julius Hyman & Co. 
103,5- 


m.p 


Wilming- 


Her- 
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Hyman strain (LD 50 of DDT = 0.056 per 
cent) was more resistant to DDT when 
compared with the N.A.I.D.M. strain 
(LD 50 of DDT =0.040 per cent). When 
the results are expressed in terms of tox- 
icity index, the toxicity index of DDT 
was 68 and 66 for Hyman and N.A.1.D.M. 
strains respectively. Similar results were 
also shown to exist in other cases. Thus it 
appears that the Hyman strain is higher 
in absolute resistance to all insecticides 
tested, but its relative resistance ex- 
pressed as toxicity index is similar to that 
of N.A.I.D.M. strain. 

ReprRopvucIBILITy OF Toxicity INDEX 

—During the past two years pure samples 
at aldrin, dieldrin and alpha-chlordane, as 
well as a sample of special technical 
chlordane were used as standards of com- 
parison. Sometimes, two standards were 
used on the same day and the toxicity 
index of one standard was calculated 
against the other. Toxicity indexes of the 
above standards were accumulated and 
listed in table 11. The average values of 
toxicity indexes obtained by direct de- 
terminations are each followed by its 
standard deviation (S.D.). From the re- 
lationship of two pairs of determinations 
the calculated toxicity indexes are listed 
in the fifth column of table 11 with the 
numbers indicating their _ respective 
sources. It was found that the toxicity 
index of one insecticide obtained by calcu- 
lation from the indexes with respect to 
other standards agreed with the value ob- 


Table 11.—Comparison of toxicity indexes obtained by direct determination and by calculation. 








AVERAGE 
Toxicity 





No. oF INDEX BY 
INSECT Derermi- Direct De- 
No. TOXICANT NATIONS TERMINATION 
1 Aldrin 10 49 +7. 7.4 
2 Alpha-chlordane 15 6.5+0.81 
3 Special technical 7 15.2+1.2 
chlordane 
Special technical 6 $3 +4.0 
chlordane 
5 Alpha-chlordane 18 12.14+2.2 
6 Alpha-chlordane 13 40 +3.1 


Toxicity INDEX 
BY CALCULATION 
(Sze EXAMPLES) 


54 pram 2 & 5) 


46 (from 3 & 4) 


5.9 (from 
6.1 (from 


So Gr 
wa 


co om 
Se Fe 
= 


16.2 (from 


16.2 (from 2 & 6 
31 (from 1 & 3) 
30 = (from 5 & 6) 
13.2 (from 4 & 6) 
13.3 (from 1 & 2) 
43 (from 2 & 3) 
37 (from 4 & 5) 


STANDARD, 
Toxicity 
INDEX = 100 


Dieldrin 


Dieldrin 


Dieldrin 


Aldrin 


Aldrin 


Special technical 
chlordane 
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tained by direct determination within the 
variation of one standard deviation. For 
example, the toxicity index of aldrin 
against dieldrin as the standard is 49 + 7.4 
by direct determination, and 54 and 46 
by calculation. Due to indirect compari- 
son the index obtained by calculation 
would be less accurate than the value ob- 
tained by direct determination. However, 
the average index of two calculations is 
very close to 49 and the differences be- 
tween calculated and determined indexes 
are within one standard deviation. Other 
results of calculation gave similar varia- 
tions, some of them are more consistent. 
Two types of calculation are illustrated as 
follows: 

Examp.e A.——To calculate the toxicity 
index of aldrin against dieldrin as the 
standard it is necessary to find the rela- 
tionship between two insecticides through 
the ratio of another insecticide, as alpha- 
chlordane. 


From No. 2 (Table 11) 


From No. 5 (Table 11) 


Toxicity index of alpha-chlordane _ 12.1 


Toxicity index of aldrin 


Equation 1 divided by equation 2 


Toxicity index of alpha-chlordane _ 6.5 
Toxicity index of dieldrin 100 





Or toxicity index of alpha-chlordane is 5.9 
against dieldrin as the standard. 

Discussion.—It has been shown that 
by using the same spraying equipment the 
variations of several physical and biologi- 
cal factors (Tables 1 to 9) did change con- 
siderably the LD 50 values of insecticides, 
but the toxicity indexes remained nearly 
constant. The reproducibility of the tox- 
icity index of an insecticide tested on dif- 
ferent days and under various changes of 
testing conditions may be attributed to 
the fact that a corresponding change like- 
wise affected the standard. The differences 
of toxicity indexes between direct deter- 
minations and calculations should be meas- 
ured in percentage of variations based on 
the indexes rather than the absolute nu- 
merical values. If less toxic compounds 
were used as standards the absolute num- 
ber of both indexes and their differences 
should be greater, but the percentage vari- 
ation should be nearly the same. 


Equation 1 








Equation 2 


~ 100 


Toxicity index of aldrin 54 
Toxicity index of dieldrin 100 


Or toxicity index of aldrin is 54 against 
dieldrin as the standard. 

Examp.e B.—Another type of calcula- 
tion is illustrated by the following ex- 
ample. The toxicity index of alpha-chlor- 
dane against dieldrin as the standard is 
calculated through the relationship be- 
tween Nos. 1 and 5 (Table 11). 


From No. 1 (Table 11) 


Toxicity index of aldrin 





49 ’ ‘ 
ee es ag Equation 3 


‘Toxicity index of dieldrin 100 


From No. 5 (Table 11) 


“quation 3 multiplied by equation 4 


Toxicity index of alpha-chlordane _ 12.1 
Toxicity index of aldrin 


Equation 4 


~ 100 


Toxicity index of alpha-chlordane _ 5.9 


‘Toxicity index of dieldrin 





~ 100 








Different methods of applying insecti- 
cides, such as spraying, dusting, injection, 
drop test, residual test, etc., may give 
quite different toxicity when the same in- 
secticide is tested against the same species 
of insect. By using the same method of 
applying insecticides, the same insecticide 
may also give different toxicities to dif- 
ferent species of insects. These facts have 
been reported in the literature (Busvine & 
Barnes 1947; Menusan 1948; Beard 1949) 
and demonstrated in this laboratory. 
When the same type of method of apply- 
ing insecticide is used the difference in 
results should not be as great as those 
obtained by entirely different methods. 
For example, the settling mist method 
may give a slight difference in the toxicity 
index of an insecticide as compared with 
the present method, but not as great as 
the difference between injection and 
spraying methods. The differences in tox- 
icity index resulting from the use of the 
above two spraying methods would be 
smaller if a closely related compound is 
being used as the standard and should be 
negligible if the standard has the same 
composition as the sample. Theoretically, 
by using a standard having the same com- 
position as the test sample, the results 
should be the same when tested with 
any species of insects, by any method of 
applying insecticides, or under any test- 
ing conditions. Therefore, in the bio-assay 
of samples it is better to use a standard 
having the same or similar composition. 

Generally the toxicity of insecticides in- 
creases with temperature. Such insecti- 
cides are said to have a positive tempera- 
ture coefficient of toxicity. However, a 
few insecticides, such as DDT, are more 
effective at lower temperatures and are 
reported by many authors to have a nega- 
tive temperature coefficient. Even among 
the insecticides having a positive tem- 
perature coefficient the degree of effect of 
temperature on their toxicity may be 
quite different. When the results obtained 
by Shepard ez al. (1937, Table 5) on the 
fumigation of Tribolium confusum with 
four fumigants were re-calculated it was 
found that within a normal range of tem- 
perature (20 to 35° C.) the toxicity index 
of carbon tetrachloride against carbon 
disulfide as the standard was fairly con- 
stant at different temperatures, that of 
ethylene dichloride decreased with in- 
creasing temperature, and that of chloro- 
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picrin increased with increasing tempera- 
ture. This is due to the fact that the tem- 
perature coefficient of carbon tetrachlo- 
ride is similar to that of carbon disulfide, 
while chloropicrin has a different positive 
temperature coefficient and ethylene di- 
chloride has a negative temperature coef- 
ficient. Because of these reasons it is neces- 
sary to compare the relative toxicity of 
insecticides at a constant temperature. 

SummMary.—Toxicity of insecticides ex- 
pressed in terms of per cent mortality or 
LD 50 may vary greatly in different lab- 
oratories and at different seasons of the 
year, even if the same equipment was 
used. Toxicity index, which is used here 
as a relative value to express the toxicity 
of insecticides, is defined as the ratio be- 
tween the LD 50 of a standard insecticide 
and the LD 50 of the test sample, multi- 
plied by 100. 

It has been demonstrated experimen- 
tally that many factors, which changed the 
LD 50 values of insecticides tested on 
house flies, did not appreciably affect their 
toxicity indexes. The consistency of tox- 
icity index under different testing condi- 
tions appears to arise from the fact that 
the change in the LD 50 of a test sample 
is accompanied by a proportional change 
in the LD 50 of the standard insecticide. 
The following factors caused no significant 
changes in the toxicity index of insec- 
ticides tested within the limits of the tests 
described herein: (1) Physical factors.— 
Volume of spray, wind velocity in the 
spray tunnel, fineness of spray and spray- 
ing pressure; (2) Biological factors.—Cri- 
terion of death, length of time between 
spraying and counting mortality, age of 
flies, size of flies and mortality of flies in 
the control. 

It has been proved that the toxicity 
index of one insecticide with respect to a 
chosen standard can be transferred by 
simple calculations to a toxicity index 
based on another standard and that the 
calculated index is within the variation of 
one standard deviation of the index ob- 
tained by direct determination. 

Factors which are known-to change the 
toxicity index of insecticides are species 
of insects, different methods of applying 
insecticides, and temperature. However, 
by using a standard having the same com- 
position as the sample, the results of bio- 
assay should remain the same despite the 
above factors. 
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Parathion Resistant Red Spiders 


Purp GarMan,! Connecticut Agricultural Experiment Station, New Haven 


During the winter of 1949 our attention 
was Called? to the fact that colonies of red 
spiders in several rose houses were not 
being killed by parathion aerosol treat- 
ments. Survival was reported even when 
the delivery tube of the bomb was held 
within a few feet of the infestation. In 
view of the well-known resistance of the 
greenhouse red spider on roses to various 
chemicals, it was decided to investigate 
further. Mites were brought to the Ex- 
periment Station at New Haven, trans- 
ferred to beans and compared with stocks 
on hand known to be non-resistant. Re- 
sults are given in tables 1 to 3. The colo- 


nies were kept on beans for a period of 


Table 1.—Greenhouse red spider resistant 
strain tests with oh cen tiomanat 





FIGURES ARE Pee CO ENT DEAD AND 
PARALYZED AFTER 24 Hrs. 





Conc ENTRATION 





JSING a i i 





5% o PARATHION Jan. 11 __ Apr. 2 May ‘ 

Re sistant sirain from Pia rson's : romwell 
lL; gm.—800 ml. 15.39 54 95.17 
.5 gm.—8s00 ml. 25.58 ‘3. 61 95.23 
.25  gm.—800 ml. 15.15 42.60 94.87 
. 125 gm.—800 ml. 10.64 41.48 96.43 
Check—no treatment 3.70 2.86 7.00 

Non-Resistant, New Haven 

be gm.—800 ml. 100.00 99.20 99.63 
-5  gm.—800 ml. 100.00 100.00 98.08 
-25  gm.—800 ml. 100.00 100.00 96.53 
-125 gm.—800 ml. 98.11 100.00 94.29 
Check—no treatment 3.70 6.25 7.00 





Each of these tests was run in triplicate. Only one test on each 
date is reported. Others were very similar. 


about 4 months and rechecked at ap- 
proximately 1 month intervals. It soon 
became apparent that resistance was di- 
minishing. It disappeared altogether by 
May 4. Inasmuch as the first tests were 
made January 11, this represents a period 
of 113 days or slightly less than 4 months. 
During that period also comparisons were 
made of resistant stocks to tetraethyl py- 
rophosphate parachloro phenoxy methane, 
di(parachloro phenyl) methyl carbinol, 
and alkyl sulfite. Strangely enough there 
appeared to be little or no resistance to 
these chemicals. 

In addition to mites from Connecticut 
rose houses, colonies were received from 
Long Island* and some were collected 
from peaches during the summer. None 
of these colonies appears to have the re- 
sistance of the Pierson stock but some, 
notably those from the Long Island 
houses, showed definite trends. 

During June additional samples of 
mites were collected from the rose house 
where the first resistant stock was ob- 
tained. These appeared to have continued 
their habit or characters of resistance 
since there was still a considerable dif- 


Eastern Branch Paper. 
1 Technical assistance supplied by Mrs. B. H. Kennedy, who 
deserves — of the credit. 
2 By A.N. Pierson Inc., of Cromwell. 
3 Through courtesy of the U.S.D.A. 
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Table 2.—Resistant red spiders versus non-resistant. 
Derap AND ParaLyzEp 24 Hours 
(Per CENT) 
CONCENTRATION Non- 
TREATMENT AND TREATMENT Resistant Resistant 
“Alkyl sulfite! | (15%) 
Ai gm.—800 ml. 3/3-3/4 100.00 100.00 
2. gm.—800 ml. 3/3-3/4 100.00 100.00 
‘ i. gm.—800 ml. 3/3-3/4 98.31 100.00 
: .5  gm.—800 ml. 3/3-3/4 97.90 100.00 
.25 gm.—800 ml. 3/3-3/4 98.11 100.00 
.125 gm.—800 ml. 3/3-3/4 94.05 88.89 
Check 3/3-3/4 2.36 6.12 
Alky] sulfite (15%) 
4. gm.—800 ml. 3/2-3/3 100.00 100.00 
2. gm.—800 ml. 3/2-3/3 100.00 100.00 
1. gm.—800 ml. 3/2-3/3 100.00 100.00 
.5  gm.—800 ml. 3/2-3/3 100.00 98.61 
.25  gm.—800 ml. 3/2-3/3 69.88 100.00 
.125 gm.—800 ml. 3/2-3/3 88.89 92.68 
Check 3/2-3/3 $.7 1.88 





1 New Aramite. 


Table 3.—Resistant red spiders versus non-resistant. 








DEAD AND ParALyzED 24 Hours 











Resistant 


CONCENTRATION — 
AND MATERIAL 


Non- Resistant 


TREATMENT 








Parachloro phenoxy methane 











i gm.—800 ml. 1/27-1/28 10.17 1.71 
.5  gm.—800 ml. 1/27-1/28 11.43 4.93 
.25° gm.—800 ml. 1/27-1/28 17.02 8.75 
.125 gm.—800 ml. 1/27-1/28 8.96 1.91 

Parachloro phenoxy methane 

i. gm.—800 ml. 1/27-1/28 20.31 37.88 
.5  gm.—800 ml. 1/27-1/28 25.32 7.34 
25 gm.—800 ml. 1/27-1/28 14.75 8.82 
.125 gm.—800 ml. 1/27-1/28 15.29 6.06 

Check—no treatment 1/27-1/28 1.64 2.56 

Tetra ethyl pyrophosphate 

L. gm.—800 ml. 2/24-2/5 100.00 98.65 
.6  gm.—8s00 ml. 2/24-2/5 96.91 100.00 
.25  gm.—800 ml. 2/24-2/5 90 .00 93.83 
.125 gm.—800 ml. 2/24-2/5 81.25 88 .24 

Check—no treatment 2/24-2/5 4.26 0.00 

“Te ‘tra ethyl py oven 

I. gm.—800 ml. 2/28-3/1 100.00 100.00 
.5 gm.—800 ml. 2/28-3/1 100.00 100.00 
25 gm.—800 ml. 2/28-3/1 89.36 93 .24 
.125 gm.—800 ml. 1/28-3/1 73.56 87.69 

Check—no treatment 1/28-3/1 2.08 0.00 

Dilsom chlorophenyl) methy] carbinol 

i. gm.—800 ml. 1/27-1/28 100.00 100.00 
.5  gm.—800 ml. 1/27-1/28 100.00 100.00 
.25 gm.—800 ml. 1/27-1/28 98.15 99.19 

.125 gm.—800 ml. 1/27- 1/28 88.68 91.05 

Cc Check— no treatment 1/27-1/ 28 6.45 _ 

Difeer chlorophenyl) methy] carbinol 

1. gm,.—800 ml. 2/3 -2/4 100.00 100.00 
.5  gm.—800 ml. 2/3 -2/4 98 .93 100.00 
.25 gm.—800 ml. 2/3 -2/4 93.35 100.00 
.125 gm.—800 ml. 2/3 -2/4 76.39 100.00 

Check—no treatment 2/3 -2/4 4.26 — 
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Table 4.—Aerosol tests at Pierson’s greenhouses—1949. 








Dates OF EXAMINATIONS 





House 






































No. 9/19 9/23 9/29 10/4 10/13 10/21 11’3 
Number live mites per 10 leaves (average) 
R, 35 18 1 1.5 2 3.5 | Fe 
B, 33 8 8 an 0 0.4 0.0 
Average 34 13 t 6 1.0 1.9 6 
Bu 283 17 .08 2.5 
By 132 22 00 6.2 
Average 207 19 04 4.3 
Number good eggs per 10 leaves 
B, 87 20 0 20 5.5 0.5 
B, 46 7 5 5 1 0.0 0.0 
Average 66 13 4 25 10 .7 25 
Bu 176 15 .08 eu 
Bi 23 0 0 22.0 
Average 95 12 04 14.8 
Treatment: Tetra ethyl dithio pyrophosphate, 0.4 per 1000 cu. ft. 
Bombing dates: B: Sept. 20, 23, 26, 29, Oct. 3. 
B:; Oct. 7, 10, 13, 17, 20. 
Table 5.—Aerosol tests at Pierson’s greenhouses—1949. 
Dates or EXAMINATION 
House —_——_—__-—_— — a 
No. 9/19 9/23 9/29 10/4 10/13 10/21 11/3 
Number live mites per 10 leaevs 
B, 70 n.c 0.0 0.0 6 0.0 1.0 
B, 51 n.¢ ~ 5.0 0 7.8 1.0 
Average 60 0.0 2.5 3 3.6 1.0 
Number live or good eggs per 10 leaves 
B, 120 n.c. 0 0 15 0.0 3.0 
B, 60 n.c. = 2 6 6.0 3.0 
Average 90 5 1 10 3.0 3.0 
Treatment: Hexa ethyl tetra phosphate, 1.2 gms. per 1000 cu. ft. 
Dates: Sept. 20, 26, 30, Oct. 4, 10, 18, 25. 
Table 6.—Aerosol tests at Pierson’s greenhouses—1949. 
Dates or EXAMINATIONS 
House - —- ——-—— - 
No. 9/19 9/23 9/29 10/4 10/13 10/21 11/3 
Number live mites per 10 leaves 
Bis 19 n.c. 35 3 8 5 Py 
Bis 93 n.c. 14 7 3 3 0 
Average 56 Q4 5 §.5 t 34 
Number live or good eggs per 10 leaves 
Bio t - 151 ‘ 2 9.0 3.0 
Bis 152 - 40 9 16 8.5 0.0 
Average 78 95 6 18 8.7 1.51 





Treatment: p-chloropheny] 
Dates: Sept. 20, Oct. 4, 18. 


p-chloro benzene sulfonate (K6451), 1 gram per 1000 cu. ft. 
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ference between them and our own stocks 
at New Haven. It was concluded from 
this that resistance was lost, possibly from 
maintenance of the stock on beans for so 
long a time. 

Shortly after discovery of resistant col- 
onies, Pierson’s started using hexaethyl 
tetraphosphate bombs instead of para- 
thion. They have continued to date with 
this materials in the houses where resist- 
ance was discovered. In other houses 
where it has been used longer, however, 
resistance appears to be slowly develop- 
ing again. Spots or centers are appearing 
in which the mites survive treatment in 
considerable numbers. 

In view of the situation and its inherent 
possibilities,! Pierson’s started using sev- 
eral new chemicals in a number of rose 
houses. One of the chemicals, tetraethyl 
dithio pyrophosphate, appears to be quite 
effective according to counts of mite popu- 
lations at frequent intervals. Thus, with 
five bombings a very heavy infestation in 
which webbing had started was _ practi- 
cally eliminated. Another house with re- 
sistant stock was treated with p-chloro- 
phenyl! p-chlorobenzene sulfonate. In this 
house, populations were held to low levels 
even though treatments were only made 
every 2 weeks. All this was on a practical 
scale and carried out by Mr. Swingen of 
the Pierson establishment. The counts 
made at intervals indicated in tables 4 to 
6 were laboratory examinations of random 
collections from the various houses, the 
leaves being visibly affected by red spider 
infestations. 

Theoretically, it would seem that a 
species resistant to one organic phosphate 
might be resistant to another. Our experi- 
ence indicates that this is not necessarily 
the case. Evidently some food element 
may be important as witnessed by loss of 
resistance when transferred to beans. It 
was noted furthermore in our counts that 
even after the most intensive bombings 
at 3-day intervals live mites and eggs 
could always be found. It is quite possible 
that these survivors represent potential 
resistance. They could conceivably in- 
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crease to epidemic proportions after a 
year or two of treatment with one chem- 
ical. 

It was observed during these experi- 
ments, based on spectographic analysis of 
a quantity of red spiders collected from 
beans* that mites were taking up fairly 
large quantities of molybdenum. The 
amounts appeared to be much in excess 
of what one would expect in foliage, 130 
ppm compared to less than 5 ppm as re- 
ported by Ferguson 1948. Molybdenum 
seems to be connected in some way with 
nitrogen assimilation by beans, since bac- 
teria are affected and nitrogen fixation 
may be increased. Sand cultures treated 
with ammonium molybdate, even to the 
point of stunting the plants, still allowed 
large red spider populations to develop. 
Tests of resistance of these molybdenum 
fed individuals to parathion were nega- 
tive. Partially negative also were tests in 
which both selenium and molybdenum 
were supplied at low levels at the same 
time. In this case the molybdenum evi- 
dently counteracted some of the selenium 
effect allowing more mites to mature than 
where selenium alone was used. Work 
along this line is continuing. 

GENERAL Conc.usions.—-1. The green- 
house red spider may become resistant 
to chemicals such as parathion, but this 
resistance is not necessarily carried over 
to chemicals in the same group. 

2. Mites from beans treated with 
molybdenum showed little resistance to 
various chemicals such as parathion. In 
the case of selenium, populations on beans 
receiving equal molybdenum and selenium 
were intermediate between checks and 
those with selenium alone. 

3. Practical range control of resistant 
strains appears possible using aerosols of 
either tetraethyl dithiopyrophosphate or 
parachloro phenyl p-chlorobenzene sul- 
fonate. 


1 Provided by Dr. Floyd F. Smith of the U.S.D.A. 

2 (K6451). 

3 Spectrographic analysis by Mr. W. T. Matthis, of the De- 
partment of Analytical Chemistry. No molybdenum was added 
to the soil from which the mites analyzed were taken. 
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The Toxicity of Some Organic Insecticides to the Eastern 
Subterranean Termite 


L. A. Herrick, University of Florida, Gainesville 


A really adequate method of laboratory 
evaluation of toxicants for subterranean 
termites has not been developed. Hock- 
enyos (1939) and Smith (1939) published 
reports of laboratory testing work in 
which toxicants were mixed with small 
amounts of sand or soil. Termites were 
periodically introduced into these test jars 
and the reactions of the insects were re- 
corded. St. George (1944) reported early 
test work with termites confined in a 
chamber dusted with 5 per cent DDT but 
soon abandoned this technique in favor of 
test stakes located in the field. 

Tests of the type conducted by Hock- 
enyos (1939) have advantages not found 
in “graveyard” plots consisting of par- 
tially buried wooden stakes. Infestation 
can be controlled and the reactions of the 
insects noted. Dilutions can be made more 
accurately and leaching (which is negli- 
gible in locations where soil poisons are 
usually applied) can be controlled or elim- 
inated. Samples of soil treated with 
toxicants can also be moved from one loca- 
tion to another without interfering with 
the testing work..- 

The number of new organic insecticides 
available in 1946 prompted the writer to 
set up a series of treated soil tests that 
could be observed over a period of years. 
The objective was to test the effect of the 
insecticide when thoroughly mixed with 
sandy soil. Technical grade insecticides 
were used when these were available as 
solids. Wettable powder formulations of 
other insecticides were used. In some 
cases, dust formulations were substituted 
due to the lack of availability of wettable 
powders. In the case of chlordan, a 50 
per cent emulsion concentrate containing 
no oil had to be used as dry formulations 
of this insecticide were not available to 
the writer at that time. Oil formulations 
were not included in the tests as the ob- 
jective was to test the effect of the insecti- 
cide. Oil without toxicants has been used 
for termite control. Kowal & St. George 
(1948) have reported that oil treatments 
in field tests have remained effective for 
2 years. The true action of the insecticide 


is obscured or delayed by the effect of oil 
solutions, the oil alone being somewhat 
toxic to subterranean termites. 

A weighed quantity of moist sandy soil 
(6 pounds, 4 ounces) was chosen as the 
individual test unit. This soil was placed 
in a clean gallon glass battery jar. Ap- 
proximately one-half of the space within 
the jar was occupied by this quantity of 
soil. Weighed quantites of the insecticides 
to be included in the test were thoroughly 
mixed with the soil to produce the dilu- 
tions shown in the table. A wet paper 
towel, folded twice to form a square ap- 
proximately 5 inches by 5 inches, was 
placed on top of the soil. Ten large worker 
termites of Reticulitermes flavipes were 
then liberated on the wet paper towel. A 
control jar of soil was prepared and in- 
fested in the same manner but without the 
inclusion of a toxicant. The insects had 
the option of remaining on the paper 
towel or moving to the soil. Observations 
of the termites within the test jars were 
made each 24 hours after infestation for a 
period of 5 days. Jars in which mortality 
had not occurred during this period were 
removed from the test and the toxic chem- 
ical was considered to have failed. The 
soil was readily penetrated by the insects 
in the control jar and in jars in which the 
toxic chemical was no longer effective. No 
covers have been used on the jars during 
either tests or storage. 

The initial tests were set up at Colum- 
bus, Ohio, in June of 1946. The jars were 
kept within a heated frame building and 
testing was conducted under these condi- 
tions. In April of 1947 the tests were 
moved to Gainesville, Florida, and con- 
ducted within an unheated frame shed. 
Since early in 1949 the test jars of soil 
have been stored under a house and test- 
ing work has been conducted under a shed. 

In genera!, the jars of soil have been 
infested with 10 large worker termites 
each month. Since the soil dries out during 
periods between tests, 8 fluid ounces of 
water has been added to each jar prior to 
each testing. Paper towels are also re- 
placed prior to testing. Temperature has 
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a pronounced effect both on the activity 
of the insects and on the operation of the 
insecticides. Since testing work in Florida 
has been under natural temperature condi- 
tions, tests have not been conducted dur- 
ing the cooler months when the average 
air temperature during the testing period 
was likely to be 60° F. or lower. 

Resuutts.—The following list shows 
minimum effective dosages of insecticides 
tested after 3 years. (Dilutions made by 
weight on the basis of 1 part of 100 per 
cent insecticidally active ingredients to 
the various quantities of soil.) 


DDT—1 -200 (one dilution only) 
Dichlorodipheny]! dichloroethane—1—1,000 
Methoxychlor—1-—1,000 
Gamma benzene hexachloride- 
Chlordane—1-20,000 
Pentachlorophenol— 1-200 
Sodium pentachlorophenate— 
Toxaphene—1-—10,000 
Parathion—1-—5,000! 


1-50,000 


1-1,000! 


1 Data for 2 years only. 


The following insecticides, in dilutions 
made by weight on the basis of 1 part of 
100 per cent insecticidally active ingredi- 
ents to the various quantities of soil failed 
after the period indicated. 


Gamma benzene hexachloride—1—100,000! 
Pentachlorophenol—1-—2,000—7 months 
Pentachlorophenol—1—10,000—5 months 
Pentachlorophenol—1-—20,000—2 months 
Sodium pentachlorophenate—1-5,000— 5 months 
Sodium pentachlorophenate—1-10,000—4 months 
Toxaphene— 1-—20,000—6 months 
Parathion—1-—10,000—2 months 
Parathion—1-—25,000—1 month 
Paradichlorobenzene—1-100—6 months 
Paradichlorobenzene—1-500—1 month 
Paradichlorobenzene—1-—1,000—1 month 


1 Toxic after 3 years but weakening is indicated. 


The insecticides tested did not exhibit 
noticeable repellency to the termites. In 
most cases, toxicity to the insects ap- 
parently was brought about by contact 
action. Only the most concentrated mix- 
tures of parathion, paradichlorobenzene, 
pentachlorophenol, and sodium _penta- 
chlorophenate have exhibited apparent 
fumigant action against the termites. 

Discusston.—Since the infested test 


jars were examined every 24 hours during 
testing periods, much information has 
been gained that does not show in the 
table. Initially, DDT and its analogs ex- 
hibited slow action against the termites; 
the full 5-day period often being necessary 
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to obtain the mortalities shown in the 
table. In the early months of testing work 
it was believed that DDT and its analogs 
would become less toxic to the termites 
as time elapsed. Therefore, no additional 
dilutions of these insecticides were made. 
Actually, DDT and its related compounds 
included in the test have exhibited consist- 
ent mortality and increased sp: ed of ac- 
tion since the first year. It is not now un- 
usual to record complete mortality within 
the first 24-hour period after infestation. 

Purposely omitted for brevity of the 
table are dilutions of gamma_ benzene 
hexachloride 1—1,000, 1-2,000, 1-—5,000, 
and chlordan 1-200, 1—1,000, 1-—2,000. 
These insecticides at these dilutions have 
consistently shown rapid and complete 
toxicity to the termites within 24-48 hours 
after infestation. Although the benzene 
hexachloride dilutions were prepared from 
a somewhat odoriferous early formulation, 
no objectionable odor is present in the 
treated soils. Substantiating proof of the 
effectiveness of benzene hexachloride and 
chlordan has been obtained by the success- 
ful use of these chemicals in the soil around 
buildings infested with subterranean ter- 
mites. 

Pentachlorophenol and sodium penta- 
chlorophenate have exhibited marked loss 
of toxicity during the testing period. Al- 
though the more concentrated dilutions 
are still very toxic to termites, the less 
concentrated dilutions failed within the 
early months of the test. The fungicidal 
qualities of the pentachlorophenols con- 
tribute to the value of these compounds 
for termite control work. 

Toxaphene has held up fairly well in the 
laboratory tests but is not as toxic to 
subterranean termites as benzene hexa- 
chloride or chlordan. Treatments of ter- 
mite infested buildings with toxaphene 
have had some recurrence of infestation 
that apparently reflects an inferior per- 
formance of toxaphene under conditions 
of actual infestation. 

Parathion has been in the test only 2 
years. The lighter dilutions of this in- 
secticide failed quickly but heavier dos- 
ages have exhibited satisfactory perform- 
ance in the laboratory tests. Although 
termites enter the treated soil, they are 
killed below the surface. The test data 
indicate that parathion is not as toxic to 
subterranean termites as benzene hexa- 
chloride, chlordan, or toxaphene. Sub- 
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stantiating treatments of termite infested 
buildings with parathion have not been 
made. 

Paradichlorobenzene is an extremely 
toxic fumigant insecticide for Retveul- 
termes flavipes (Kollar). However, the 
volatility of this chemical caused its early 
failure in tests where it was used as a soil 
poison. 

SumMaArRyY.—Laboratory tests of sandy 
soil treated with organic insecticides have 
been in progress for more than 3 years. 
Battery jars of treated soil are periodically 
infested with worker subterranean ter- 
mites and the reactions of the insects are 
observed. Outstanding toxicity to ter- 
mites is possessed by gamma _ benzene 
nexachloride and chlordan in very light 


dilutions. Similar dilutions of the penta- 
chlorophenols failed during the early 
months of the tests. Toxaphene, DDT and 
its analogs, and parathion have remained 
insecticidally active in the treated soil and 
show some promise for use against sub- 
terranean termites. Although the penta- 
chlorophenols are shown to be less toxic 
to termites than newer organic insecti- 
cides, the fungicidal properties of the 
pentachlorophenols recommend them for 
continued use in practical termite control 
operations. The possibility of combination 
of some of the newer insecticides with the 
pentachlorophenols offers a possibility for 
better termite control without sacrificing 
coincident control of wood-rotting fungus 
organisms. 
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Comparative Susceptibility of Wild 
Bees and Honey Bees to DDT 


KE. G. Linstey, J. W. MacSwarn and Ray F. Smitx, 
University of California, Berkeley 


It is generally recognized that both 
honey bees and native wild bees have a 
role in the pollination of many of our com- 
mercial seed crops. It has also been shown 
in the laboratory that DDT is capable of 
killing both honey bees (Weissmann 1942, 
Holst 1944, Eckert 1945, et al.) and certain 
wild bees (Way & Synge 1948, Webster 
et al. 1949), although it is not yet entirely 
clear under what conditions and to what 
extent mortality to bees results from field 
applications (Linsley & MacSwain 1947, 
Smith et al. 1948, Bohart & Lieberman 
1949, et al.). 

The published results of experiments 
and observations on the effect of DDT on 
wild bees are inconclusive. Linsley & Mac- 
Swain (1947) caged a few specimens of 
Nomia peninsularis Ckll. collected from 
an alfalfa field dusted with 5 per cent 
DDT at the rate of 40 pounds to the acre. 
These bees were still alive after 24 hours, 
although honey bees collected and caged 


under the same conditions showed a mor- 
tality of 50 to 70 per cent. Way & Synge 
(1948) found that Bombus pratorum 
(Linn.), Andrena spp., and Osmia rufa 
(Linn.) were apparently unaffected by 
short exposures to apple and cotoneaster 
blossoms treated with low concentration 
DDT dusts and sprays. In a study of 
Nomia melanderi Ckll., Bohart & Lieber- 
man (1949) treated an alfalfa field with 
3 per cent DDT dust at the rate of 20 
pounds to the acre. More than 50 per cent 
of a known population were visiting the 
field at the beginning of the experiment. 
Apparently as a result of the treatment, 
over 2 per cent of the females nesting in 
the sample areas were found dead at their 
nest entrances and about 15 per cent of 
the nests in the same areas became in- 
active. 

It is recognized that some mortality to 
both honey bees and wild bees must result 
from field applications of DDT. However, 
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this loss is more critical, individual for 
individual, to the non-social species since 
the death of each female terminates repro- 
ductive activity and leaves any uncom- 
pleted nests at the mercy of parasites, 
predators and adverse weather conditions. 

Previous investigators (Linsley 1946b, 
Bohart & Lieberman 1949) have reported 
depressions in populations of wild bees, 
following dusting of alfalfa in bloom, 
which were interpreted, at least in part, as 
reflecting repellent action. However, Lins- 
ley & MacSwain (1947) were unable to 
recognize depressions in small populations 
of wild bees in treated fields in southern 
California and reported one case in which 
bumble bees were more abundant on the 
day of dusting than they had been on the 
previous day. In the summer of 1949 an 
alfalfa seed field was found where the wild 
bees visiting the bloom were also nesting 
in the same field. Both honey bees and the 
wild bee, Halictus tripartitus Ckll., were 
equally abundant. It was assumed that 
in this case attraction to the nesting site 
would overcome any possible repellent 
effect which DDT might have upon Halic- 
tus. The population of each species, prior 
to treatment, averaged about 100 bees 
per 100 sweeps of the net. When this field 
was dusted with 5 per cent DDT, the 
honey bees exhibited the characteristic 
post-treatment population depression al- 
though no such effect was evident for 
Halictus. In an attempt to determine 
whether any of these differences in reac- 
tion reflect differences in susceptibility to 
DDT, the following preliminary experi- 
ments were undertaken. 

Mernops.—The experiments reported 
here were conducted with small cages of 
the type described by Linsley & Mac- 
Swain (1947). Removable sides permitted 


Table 1.—Per cent mortality of bees continu- 
ously exposed to screens treated with various 
concentrations of DDT. 
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Table 2.—Per cent mortality of male and fe- 
male Nomia melanderi continuously exposed to 
various concentrations of DDT. 





Per Cent Morvta.ity IN 
SEX AND Hours Inpicatep 
NUMBER - — 
TESTED Ss 46 € TY 86 








Exposep TO— 














DDT 0.5% males 47 4 19 45 60 68 77 87 
females 6 0 0 oO 88 38 $8 8s 

DDT 2.0% males 40 0 5 53 75 93 95 100 
females 13 0 0 O 15 46 54 85 

DDT 5.0% males 35 $ 11 29 51 71 838 oF 
females 9 0 0 0 0 O 44 56 

Untreated males 29 eo © 4 € 0 6 0 


females 1 0 0 0 0 0 0 0 





the substitution of treated or untreated 
hardware cloth screens as required. The 
treated screens had been immersed in 
solutions of pure DDT (m.p. 107° C) in 
benzene at dilutions of 0.25, 0.5, 2.0 and 
5.0 per cent. Following immersion the 
excess was shaken from the screens and 
they were allowed to dry. 

Not fewer than 10 nor more than 20 
bees were placed in any one cage. The 
species were confined separately and held 
under identical conditions of temperature 
and relative humidity in each experiment. 
The temperatures ranged from 18° to 32° 
C. and the relative humidity from 50 to 
90 per cent. The cages were placed in a 
large box covered with moist sheeting and 
the bees supplied with 50 per cent sugar 
solution. It is recognized that neither 
honey bees nor wild bees react in the same 
manner, under such conditions of confine- 
ment, as would be expected under more 
natural circumstances. However, as 
pointed out by Woodrow (1948), cage ex- 
periments often give fundamental infor- 
mation that cannot be obtained other- 
wise. 

Table 3.—Per cent mortality of bees exposed 


for various periods to screens treated with one- 
half per cent DDT. 








Per Cent Mortatity IN 




















GENUS AND Hours InpIcaTEep 
NUMBER 
Per Cent Mortacity Exposure TESTED $8 6 8 10 12 
GENUS AND tn Hours InpicatTep - ——— 
NuMBER = 15 minutes Apis 33 Oo ¢ 0 0 6 6 
ExposED TO— TESTED 4 6 <§ 10 12 2 Nomia 39 0 0 0 0 5 636 
é DDT 0.5% Apis 31 29 81 94 100 100 100 45 minutes Apis 42 0 a 0 0 2 12 
Nomia 53 17 57 72 87 96 98 Nomia 39 0 8 3 8 15 51 
DDT 2.0% Apis 43 74 91 100 100 100 100 135 minutes Apis 50 20 68 98 98 100 100 
Nomia 53 4 60 85 96 ¢6 98 Nomia 35 0 0 2 S87 57 100 
a DDT 5.0% Apis 30 63 93 97 100 100 100 Constant Apis 42 14 79 100 100 100 100 
Nomia 44 9 41 75 86 95 98 Nomia 46 0 0 83 6 7 100 
Untreated Apis 16 0 0 0 0 0 0 Untreated Apis 50 0 0 0 0 0 2 
Nomia 30 0 0 0 0 0 0 Nomia 43 0 0 2 2 2 23 
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Honey bees were captured in flight as 
they returned to or left colonies. Most of 
the individuals were nectar or pollen 
gatherers engaged in field activities. The 
wild bees were collected at random either 
at nesting sites (Nomia) or at blossoms 
(other species) and the samples usually 
included disproportionate representation 
of one or the other sex. In all cases the 
bees were handled with great care and as 
rapidly as possible in order to minimize 
injury and unnecessary disturbance. Indi- 
viduals injured during handling were dis- 
carded. Except in one instance, honey 
bees showed little mortality in untreated 
cages over a 48 hour period. However, 
wild bees usually began to die in check 
cages in from 12 to 24 hours, depending 
upon the species and the sex. In spite of 
this difficulty it is felt that cage tests with 
wild bees offer a promising approach to 
certain problems. 

The species of bees utilized were 
selected from the list of alfalfa-visiting 
species reported by Linsley (1946a). They 
are as follows: Apis mellifera Linn., Aga- 
postemon cockerelli Crawford, Nomia me- 
landert Cockerell, Anthidium edwardsii 
Cresson, Megachile brevis Say and Melis- 
sodes agilis Cresson (this last a casual 
alfalfa visitor). In tables and subsequent 
discussion these species are referred to 
simply by their generic names, 

Resutts.—In the first experiment 
(Table 1) Apis and Nomia were continu- 
ously exposed to screens treated with 0.5, 


2.0, and 5.0 per cent DDT respectively. 
At each concentration Nomia was less 
affected than Apvs and this difference was 
especially marked during the first eight 
hours. Except for some variation in rate 
of mortality the ultimate results of ex- 
posure to the three treatments was similar 
for the different percentages, suggesting 
that the treatments were too severe for 
critical comparative results. 

When the data for Nomia are analyzed 
according to sex (Table 2) it is evident 
that most of the early mortality is ac- 
counted for by males. Although the meth- 
od of collection provided smaller numbers 
of females (11, 25 and 20 per cent respec- 
tively for the three concentrations) never- 
theless the data are sufficient to indicate 
that the effect of DDT on the female is 
neither as marked nor as rapid as on the 
male. 

In the second experiment (Table 3) 
Apis and Nomia were exposed for various 
periods to screens treated with 0.5 per 
cent DDT. After exposure the screens 
were replaced with untreated screens ex- 
cept in the case of the constant exposure. 
In this experiment 92.6 per cent of the 
Noma were males which may account for 
some of the early mortality as well as the 
rapid mortality after 12 hours, as indi- 
cated by the untreated cages. Exposures 
for 15 and 45 minutes showed similar mor- 
tality for both species when mortality in 
the untreated cages is taken into consider- 
ation. At 135 minutes and constant ex- 


Table 4.—Per cent mortality of bees exposed constantly to screens treated with DDT. 








GENUS AND 


Per Cent Mortauity iv Hours INDICATED 


























NUMBER —— 

EXPOSED TO TESTED 3 Bt 5 6 7 9 12 24 
DDT! 0.25% Agapostemon 11 0 0 0 9 18 45 55 91 
Megachile 10 0 0 0 0 0 0 10 60 
Melissodes 11 0 0 0 9 36 45 45 45 
Apis 25 2 64 80 88 88 0 96 100 
DDT?0.5 % Anthidium 10 0 0 0 0 0 0 0 30 
Nomia 46 0 0 0 0 7 35 74 100 
Apis 42 14 50 67 79 95 100 100 100 
Untreated Agapostemon 6 0 0 0 0 33 33 33 67 
Megachile 10 0 0 0 0 0 0 0 50 
Melissodes (i 0 0 14 14 14 14 43 71 
Anthidium 10 0 0 0 0 0 0 0 10 
Nomia 43 0 0 0 0 0 2 2 23 

Apis! 330 3 3 9 9 9 21 7 
Apis 50 0 0 0 0 0 0 0 2 





1 Near Tracy, California, August 19, 1949. 
‘Near Dos Palos, California, August 25, 1949. 
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posure the results were about the same as 
those obtained in the first experiment. 
Both exposures were more severe in their 
results than those of 15 and 45 minutes. 
Our mortality data with the honey bee 
do not correspond exactly with those of 
Woodrow (1948), although probably the 
discrepencies involved may be accounted 
for by the differences in techniques in- 
volved. 

The third and fourth experiments 
(Table 4) were comparisons of mortality 
of Apis and several species of wild bees 
exposed constantly to screens treated with 
0.25 or 0.5 per cent DDT. It is evident 
that each of the species of wild bees was 
less rapidly and less severely affected than 
was the honey bee at comparable con- 
centrations. Although the numbers of in- 
dividuals involved in these experiments 
were too small to permit other than broad 
generalizations certain tendencies are evi- 
dent. Agapostemon, even though repre- 
sented only by females, showed a con- 
siderable mortality in both treated and 
untreated cages reflecting the difficulty in 
handling this particular species. Melis- 
sodes also proved difficult to handle and 
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the 12 hour mortality involved all four 
males in the treated cage and two females 
and one male in the untreated cage. 
Megachile at 12 hours showed only 10 per 
cent mortality, and this involved no fe- 
males. At 24 hours the female mortality 
was about the same in both treated and 
untreated cages. Anthidium was _ repre- 
sented by nine males and one female in the 
treated cage and by two females and eight 
males in the untreated cage. The 24 hour 
mortality in both cages involved only 
males. The data for 0.5 per cent DDT in- 
volving Nomia and Apis were taken from 
the same source as table 3 and are here 
included only for comparison with Anthi- 
dium. 

Summary.—lIn a preliminary series of 
tests one species each of Nomia, Megachile, 
Melissodes, Anthidium, and Agapostemon, 
exposed to DDT in small cages for varying 
periods and concentrations, were more 
resistant than honey bees at the same 
exposures and concentrations. Where both 
sexes were present in sufficient numbers to 
provide comparative data the females 
were more resistant than the males. 
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Dr. Walter Carter, of the Pineapple Research 
Institute, Honolulu, Hawaii, has been appointed as 
of July 11, 1949, to organize and direct investiga- 
tions for the control of the Mediterranean fruit fly 
in Hawaii, for the U.S.D.A. Bureau of Entmology 
and Plant Quarantine. 
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Insecticides for Control of Certain Insects Attacking 
Ornamental Trees and Shrubs! 
T. W. Kerr, Jr., Rhode Island State College, Kingston 


A need has existed for more effective 
insecticides to control many of the insects 
attacking various ornamental shade trees 
and shrubs. The availability of certain of 
the new chlorinated hydrocarbon insec- 
ticides means that their possibilities in 
this field can be investigated. This report 
concerns experiments undertaken in 1949 
and involves the holly leaf miner, Phy- 
tomyza ilicis (Curt.), the woolly beech 
aphid, Phyllaphis fagi (L.), the oak lace 
bug, Corythucha arcuata (Say), and a scale 
insect, Pulvinaria sp., the specific name of 
which is undetermined to date. 

Hotty Lear Mriner.—In Rhode Island 
the American holly, Ilex opaca, most of 
which grows along the coast, is particu- 
larly subject to attack by one of its most 
troublesome pests, the holly leaf miner. 
The insect is injurious especially to iso- 
lated plantings used for ornamental pur- 
poses. Experiments were conducted on 
trees, the height of which varied from 4 to 
14 feet (average of 7 feet), on an estate in 
Wakefield, Rhode Island. The treatments 
included wettable 50 per cent DDT, 50 
per cent chlordan and an _ unsprayed 
check. 

Ninty-four leaves produced the pre- 
vious season and collected from trees on 
May 20 yielded 300 pupae, 19 or 6.2 per 
cent of which had transformed and 
emerged as adults. Both insecticides were 
applied with a power sprayer at 1 and 2 
pounds in 100 gallons of water on May 21 
when the new growth on the trees was 
one-half to three-fourths inches long. 
Each dilution of the two materials was 
applied to eight trees. On May 24, 100 
leaves yielded 343 pupae, 127 or 37 per 
cent of which had _ tran:formed and 
emerged as adults. On June 3, four days 
before the first blossoms opened, half the 
trees in each of the insecticide treatments 
received a second application of spray. By 
June 6, 78.4 per cent of the adults had 
emerged. 

Data on control were obtained during 
October when 200 random leaves of the 
current year’s production on each tree in 
all treatments were examined for larval 


leaf miner injury. The results are pre- 
sented in table 1. 

At comparable dilutions DDT was more 
effective than chlordan for controlling the 
holly leaf miner. The erratic and unfavor- 
able performance of chlordan may have 


Table 1.—Control of the holly leaf miner with 
two insecticides. Wakefield, R. I., 1949. 








AMOUNT 
IN 
100 Gat. AppLica- INJURED 
MATERIAL WATER ‘TIONS LEAVES 
lb. No. % 
DDT 50% W 1 1 40.0 
1 2 13.0 
z 1 28.9 
2 2 6.5 
Chlordane 50% W 1 1 60.6 
1 2 36.0 
2 1 64.0 
Q g 30.1 
Check 85.3 





resulted from its poor physical properties, 
for the material was observed to flocculate 
in the spray tank on both occasions during 
application. 

Two applications of 2 pounds of wet- 
table 50 per cent DDT in 100 gallons of 
walter, one made when 6.2 per cent of the 
adults had emerged and the second one 13 
days later, resulted in 6.5 per cent of the 
foliage injured by larvae. One pound of 50 
per cent DDT, applied twice, produced 
13.0 per cent injured foliage. On the un- 
treated trees, 85.3 per cent of the leaves 
were injured. One spray of 50 per cent 
DDT resulted in 40.0 and 28.9 per cent 
injured leaves when applied at the 1 and 
2 pound rates, respectively. 

Wooty Berecu Apuip.—This insect, 
which is common during most seasons, 
was particularly injurious to beech during 
1949. Purple beech, 40 feet or more in 
height on an estate in Wakefield, Rhode 
Island, were used in the tests. On June 10, 
when the insecticides were applied, 20 ran- 
dom leaves on the lower limbs were 


1 Contribution No. 752 from the Rhode Island Agricultural 
Experiment Station, Kingston, R. I 
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heavily infested with a total of 1463 
aphids counted, both nymphs and adults. 

Using hand-operated equipment, wet- 
table 50 per cent DDT, 50 per cent chlor- 
dan and 50 per cent benzene hexachloride 
(6 per cent gamma isomer and 44 per cent 
other isomers of hexachlorocyclohexane) 
and 40 per cent nicotine sulfate was ap- 
plied, each in combination with a wetting 
agent,! to defined areas of the lower limbs. 
Control data were obtained by counting 
the live aphids on 5 leaves selected at ran- 
dom in each of the four replicated areas 48 
hours later. The results are included in 
table 2. 


Table 2.—Control of the woolly beech aphid, 
with various insecticides. Wakefield, R. I., June, 
1949. 








REDUCTION 


Amount INP. fagi 
IN 100 GAL. AFTER 
MatTERIAL? WATER 48 Hours 
lb. % 
DDT 50% W 1 11. 
g 6.6 
Chlordane 50% W 1 24.21 
2 16.0 
Nicotine sulfate 40% 1 90.7 
2 97.5 
Benzene hexachloride 1 98.3 
(6% gamma) 50% W Q 94.0 
Check — 36.3! 





1 Denotes increase rather than reduction. 
2 Tween 20 at the rate of 4 ounces per 100 gallons of water was 
included with each insecticide. 


The standard control material, 40 per 
cent nicotine sulfate (Herrick 1935), was 
effective at both 1 and 2 pounds in 100 
gallons of water, killing 90.7 and 97.5 per 
cent of the aphids, respectively. The 50 
per cent benzene hexachloride killed 94.0 
and 98.3 per cent, respectively, when used 
at the same dilutions. Both wettable 50 
per cent DDT and 50 per cent chlordan 
were ineffective even when used at 2 
pounds in 100 gallons of water. The chlor- 
dan formulation used was the same as that 
reported in the holly leaf miner experi- 
ment. It flocculated considerably when 
added to water. The aphid population in- 
creased in the check treatment and the 
lower concentrations of the DDT and 
chlordane treatments during the course of 
the experiment. 

Oak Lace Bue.—This insect is present 
in varying numbers during most seasons. 
Its depredations become evident in a 
striking manner, particularly when it 
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attacks oaks used for ornamental pur- 
poses. 

An English oak on the grounds of an 
estate in Wakefield, Rhode Island was 
treated on August 8 with wettable 50 per 
cent DDT, wettable 25 per cent lindane 
and 40 per cent nicotine sulfate, all in 
combination with additional wetting 
agent.? Hand-operated equipment was 
used to apply the materials to defined 
areas of the lower limbs. 

The foliage of the tree was moderately 
to thickly inhabited with both: adult and 
nymphal stages of the insect. Pretreat- 
ment counts on 72 leaves selected at ran- 
dom revealed a total of 739 insects. Con- 
trol data was obtained by counting the 
live insects on 50 random leaves in each 
treatment 48 hours later. 

The results presented in table 3 show 


Table 3.—Control of the oak lace bug with va- 
rious insecticides. Wakefield, R. I., August, 1949, 








REDUCTION IN 


AMOUNT Lace Bua 
IN100GaL. ArreR Two 

MatTerrA.! WATER Days 

lb. per cent 
DDT 50% W 1 99.0 
1 100.0 
Lindane 25% W 0.5 100.0 
1 99.4 
Nicotine sulfate 40% 1 71.8 
Q 7.0 

Check -— 2.3? 








1 Triton B-1956 at the rate of 4 ounces in 100 gallons of water 
was included with each insecticide. . 
2 Denotes increase rather than reduction. 


both wettable 25 per cent lindane and 50 
per cent DDT were effective in control- 
ling the oak lace bug, the former at 0.5 
and 1 pound and the latter at 1 and 2 
pounds in 100 gallons of water killing 99 
per cent or more of the insects. The stand- 
ard material, 40 per cent nicotine sulfate 
(Beacher & Stearns, 1942) was less effec- 
tive, killing 71.3 and 77.0 per cent respec- 
tively, when applied at 1 and 2 pounds in 
100 gallons of water. 

Pulvinaria Species.—A soft seale, the 
specific name ef which is in doubt at 
present, was extremely abundant on yew 
throughout Rhode Island during the cur- 
rent season. Tests were conducted in 
Kingston on a hedge of Hick’s yew, Taxus 
media hickst, that was 6 feet high, 3 feet 


1 Tween 20. : 
2 Triton B-1956, a phthalic glycery! alkyd resin, 
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deep and 72 feet long. The hedge was 
divided lengthwise into 24 areas of equal 
size to provide for 5 insecticide treatments 
and an unsprayed check, each replicated 
4 times. The materials, to each of which 
was added additional wetting agent,' in- 
cluded wettable 50 per cent DDT and 50 
per cent benzene hexachloride (6 per cent 
gamma isomer and 44 per cent other 
isomers of hexachlorocyclohexane) and 40 
per cent nicotine sulfate. They were ap- 
plied with a power sprayer at the rates in- 
dicated in table 4. 

Table 4.—Control of a Pulvinaria scale on 


Hick’s yew with various insecticides. Kingston, 
R. I., 1949. 








AMOUNT 
IN 100 
GAL. 
WATER 


Lenota Insects 
OF 20 PER CM. 
Twies or Twia 


Con- 


Materia! TROL 





em. No. 
314.1 $1 
311.6 13 
335.5 2.17 
316.5 24.55 21.1 
304.8 23.18 25.5 
256.2 31.10 =: 


per cent 
99.0 


99.6 
93.0 


Nicotine sulfate 40% 


DDT 50% W 
Benzene hexachloride 
50% W 


Check 





1 Tween 20 at the rate of 4 oz. in 100 gallons of water was in 
cluded with each of the insecticides. 


Hatching of the eggs was completed by 
June 23 when the insecticides were ap- 
plied, but only about 25 per cent of the 
larvae had emerged from the ovisac. On 
that date, 30 twigs of the current year’s 
growth, the total length of which meas- 
ured 236.6 cm., yielded 5142 first instar 
larvae. 

Data on control were obtained by 
counting the number of live seale on 5 
random twigs in each replicate of the 
treatments during the period of August 
25-30, when the insects were in the sec- 
ond instar. 

Results given in table 4 show 1 and 2 
pounds of 40 per cent nicotine sulfate and 
2 pounds of wettable 50 per cent DDT in 
100 gallons of water were effective for con- 
trolling the insect. Nicotine sulfate was 99 
per cent or more effective at the dilutions 
used, while the DDT reduced the scale 
population 93 per cent. Wettable 50 per 


cent benzene hexachloride was ineffective, 
even at 2 pounds in 100 gallons of water. 

Summary.—During 1949 the compara- 
tive insecticidal effectiveness of nicotine 
sulfate and several chlorinated hydrocar- 
bon insecticides was investigated in field 
tests involving four insects attacking or- 
namental trees and shrubs. 

DDT was more effective than chlordan 
for control of the holly leaf miner, Phy- 
tomyza ilicis (Curt.). Two applications, 
each containing 2 pounds of wettable 50 
per cent DDT in 100 gallons of water, the 
first made when adult emergence began 
and the second 13 days later, resulted in 
6.5 per cent foliage injured by .arvae, 
while 83.7 per cent of the foilage on un- 
treated trees was injured. The erratic and 
unfavorable performance of a wettable 50 
per cent chlordan may have resulted from 
its flocculation at the time of application. 

Single applications of 40 per cent nico- 
tine sulfate and wettable 50 per cent ben- 
zene hexachloride were effective when 
used at 1 and 2 pounds in 100 gallons of 
water for control of the wooly beech 
aphid, Phyllophis fagi (L.). Wettable 50 
per cent DDT and 50 per cent chlordan 
were ineffective when used at the same 
dilutions. 

Wettable 25 per cent lindane at one- 
half and one pound, and 50 per cent DDT 
at one and two pounds in 100 gallons of 
water gave 99 to 100 per cent control of 
the oak lace bug, Corythucha arcuata (Say) 
in one application. Forty per cent nicotine 
sulfate was somewhat less effective; 71.3 
and 77.0 per cent control, respectively, 
when used at 1 and 2 pounds in 100 gal- 
lons of water. 

The population of a first instar Pul- 
vinaria species on yew was reduced by 99 
per cent or more by a single application of 
40 per cent nicotine sulfate at 1 or 2 
pounds in 100 gallons of water. Two 
pounds of 50 per cent DDT reduced the 
population 93 per cent. Even at 2 pounds, 
benzene hexachloride was ineffective. 


1 Tween 20. 
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Treatment of Airplanes to Prevent the 
Transportation of Insects 


O. C. McBring, W. N. Sutiivan, and R. A. Futton, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


The transportation of harmful insects 
from their endemic to non-endemic but 
susceptible areas of the world has long 
been a serious problem for agricultural 
and public health officials (Cooley 1947, 
Dunnahoo 1943). Global air travel has 
intensified the situation, for trips that 
formerly took weeks are now sometimes 
made overnight. Because of this increased 
possibility of disseminating dangerous in- 
sects, renewed emphasis has been given 
to their control. Investigations on the use 
of residual and aerosol treatments, and a 
combination of the two, for freeing air- 
craft of insects are reported herein. Pre- 
liminary investigations were conducted in 
the laboratory, and they were followed by 
tests in a 1000-cubic-foot room. Final 
tests in two C-47 cargo-type airplanes fur- 
nished by the Military Air Transport 
Service were made at Beltsville, Md. 

Meruops.—In the laboratory tests of 
the residual insecticides, 9 by 9-inch 
aluminum panels were suspended on the 
walls of a room in a checkerboard pattern. 
Carbon dioxide-propelled solutions of the 
insecticides were applied to the panels 
from a 5-pound cylinder with the valve 
set to deliver a pressure of 150 pounds per 
square inch. The cylinder was equipped 
with an extension spray rod fitted with a 
2.5-gallon-per-hour, 80°-angle oil-burner 
tip (Fulton 1948, Fulton et al. 1949). 
When the nozzle was moved in a parallel 


plane 18 inches from the panels at the 
rate of 1 foot per second, about 75 mg. of 
toxicant per square foot was applied. At 
this rate and dosage there was no runoff. 
For heavier dosages the treatment was re- 
peated as many times as needed. The ma- 
terial was allowed to dry for 3 or 4 days 
between applications. After the final treat- 
ment the deposit was determined chemic- 
ally. At intervals the panels were removed 
from the walls for biological tests, in 
which insects were confined for 1 hour on 
the panels by means of petri dishes. Of 17 
residual formulations tested in this way 
the three most promising are shown in 
table 1. However, only one formulation 
G-560 was selected for further study. 

In the room tests the residual formula- 
tion G-560 was applied to the floor, walls- 
and ceiling in the manner described for 
the laboratory tests. 

In aircraft the residual insecticide was 
tested by treating the interior surfaces of 
the fuselage, except the floors, with two 
applications of formulation G-560. 

The amount and toxicity of the deposits 
of two applications of residual formulation 
G-560 was tested in an airplane on the 
ground. In each test two sets of panels 
were removed from various locations in 
the plane at different intervals after treat- 
ment, and insects were confined on them 
in petri dishes. 

Laboratory studies of aerosols were 


Table 1.—Percentage composition of three residual-insecticide and three aerosol formulations that 
tested in the laboratory showed promise for freeing aircraft of insects. 








ResipuAL INSECTICIDES 


AEROSOLS 





| G-496 | 


COMPONENT 
10 
10 
65 
i0 
4 


DDT 
Compound G-496' 
Acetone 
Cyclohexanone 
Dichlorodifluomethane 
Chlordane 
Piperony! butoxide 
Methylene chloride 
Pyrethrum (pyrethrins 20%) 
Lubricating oil 
Lindane | 


G-556 | G-560 | G-382 


5 


G-500 G-571 


3 





1 Chiefly di- and trimethyl] naphthalenes. 
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made in a Peet-Grady chamber. Meas- 
ured dosages of the aerosols were applied 
from a graduated dispenser descriked by 
McGovran et al. (1943). Of 24 formula- 
lions tested by this method, the 3 most 
effective are shown in table 1. Formula- 
tion G-571 was selected for further study. 
In the room tests the aerosols were ap- 
plied as timed dosages from a nozzle of 
known delivery rate. In the airplanes 
automatic dispensing equipment, de- 
scribed by Yeomans ef al. (1949), was 
used. 

Combined residue-aerosol tests were 
carried out in rooms, and in airplanes 
while they were on the ground and while 
in flight. The walls and ceilings were 
treated with residual formulation G-560 
and allowed to dry, before aerosol formu- 
lation G-571 was released. All treatments 
were similar except that 3 per cent of 
diesel oil (SAE 50) was added to the 
residual formulation G-560 when it was 
applied in the airplane while in flight. 

The test insects were exposed to resi- 
dual treatments for 1 hour, to aerosols for 
10 minutes, and to the combined residual- 
aerosol treatments from 10 to 60 minutes. 
Insects were introduced just prior to the 
release of the aerosols. In all tests the in- 
sects were removed after treatment to 
holding cages with food and water. Mor- 
tality counts of agricultural insects were 
then made over a 4-day period after the 
tests were run. Per cent kills listed for 
house flies and mosquitoes occurred in 24 
hours after exposure to the aerosol. 

Test INsects.—The test insects varied 
with the season and included over 50 spe- 
cies representing the important orders. 
Their reaction to insecticides ranged from 
resistant to highly susceptible. Larvae of 
the black carpet beetle, Attagenus piceus 
(Oliv.), the American cockroach, Peri- 
planeta americana (L.), and the confused 
flour beetle, Tribolium confusum Duv., 
were resistant, were available throughout 
the year, and made good insects for com- 
parative purposes. Among the more re- 
sistant agricultural insects tested, when 
available, were the Colorado potato bee- 
tle, Leptinotarsa decemlineata (Say), the 
Mexican bean beetle Epilachna varivestis 
(Muls.), grasshoppers, the margined blis- 
ter beetle, Epicauta solani Werner, and 
squash bugs. Some of the less resistant 
agricultural insects included various leaf- 
hoppers, the bean weevil, Acanthoscelides 
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Fia. 1.—Mean per cent kill of grasshoppers, con- 

fused flour beetles, and American cockroaches 96 

hours after exposure of 1 hour to deposits of residual- 
insecticide formulations. 


obtectus (Say), the Japanese beetle, Popil- 
lia japonica Newm., larvae of the eastern 
tent caterpillar Malacosoma americanum 
(F.), and the cigareette beetle, Lasioderma 
serricorne (F.), The common malaria mos- 
quito, Anopheles quadrimaculatus Day, 
the yellow-fever mosquito, Aédes aegypti 
(L.), and the house fly Musca domestica 
L., were highly susceptible. 
Resutts.—Laboratory Tests ——A 50 
per cent kill of grasshoppers, confused 
flour beetles, and American cockroaches 
was obtained when they were exposed to 
4-day-old residues of formulations G-496, 
G-556, and G-560 applied at 75 mg. of 
DDT per square foot (Fig. 1). Residues 
from dosages of 225 mg. of DDT per 
square foot increased the kill to about 80 
per cent for G-556 and G-560, and 74 per 
cent for G-496. Heavier residues up to 600 
mg. per square foot did not cause a 


MORTALITY (PERCENT) 


— 40 $0 60 70 80 90 107 
TIME ELAPSE (HOURS) 


Fig. 2.—Mean per cent kill of agricultural insects 

and American cockroaches after a 10-minute ex- 

posure to 20 grams per 1000 cubic feet of insecticidal 
aerosols, 
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Table 2.—Effectiveness against agricultural insects of residual insecticide G-560 applied to the 


interior of an airplane while on the ground. 
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On Floor RECOVERED 





| Days 
6 75 
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42 29 150 
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Number 
239 
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176 76 
186 79 
264 72 
195 82 


78 
55 


96 
93 
99 
94 
86 
94 


wT 
77 
158 
161 
164 
170 














1 Dosage 75 mg. of DDT per square foot in each application. 


marked increase in kill, but the panels re- 
mained toxic over a longer period. 

Of the aerosol formulations tested, 
G-382, containing DDT and pyrethrum, 
killed 54 per cent of American cockroaches 
and several of the agricultural pests in 96 
hours (Fig. 2). G-571, which included 2 
per cent of piperonyl butoxide in addition 
to DDT and pyrethrum, increased the kill 
to 68 per cent. When lindane was added 
and the piperonly butoxide was increased 
to 8 per cent in G-500, 93 per cent of the 
test insects were killed. However, this 
formulation was irritating to the skin and 
its odor was objectionable. 

Room Tests.—In the room tests residual 
and aerosol treatments were combined. 
One application of residual insecticide 
G-560 at 75 mg. per square foot plus 
aerosol G-571 at 35 grams per 1000 cubic 
feet gave an almost complete kill of the 
test insects. This high kill was maintained 
for 54 days, when insects were exposed to 
the deposit of one application of residual 
insecticide and of aerosol applications 
five times a week. Aerosol applications 
were then discontinued. Forty-two days 
later the deposit of the residual insecticide 
plus the accumulated residues from 36 
aerosol applications killed 91 per cent of 
all agricultural insects introduced into the 
room. However, the toxicity of the com- 
bined residues gradually decreased—in 70 
days to 83 per cent, in 102 days to 67 per 
cent, and in 143 days to 52 per cent. 

In tests to determine the amount of 
residue that accumulates on the floor and 
walls of a room treated with aerosols, the 
residue settling out on panels was com- 
pared with the amount calculated to set- 
tle. These results are shown in figure 3. 
The residues increased with each appli- 


cation of aerosol and become progressively 
more toxic to insects. Approximately 95 
per cent of the nonvolatile material re- 
leased into the rooms was recovered on the 
horizontal surfaces. 

Airplane Tests.—In 
formulation G-560 in airplanes while on 
the ground, the kill of agricultural in- 
sects (confused flour beetles, grasshop- 
pers, Mexican bean beetles, leafhoppers, 
Colorado potato beetles, and Japanese 
beetles) was 86 per cent or higher (Table 
2). After a single dosage of 75 mg. per 
square foot the 6-day-old residue killed 
all house flies and the 8-day-old killed 88 
per cent.! Eight days after a second appli- 
cation the residue was 100 per cent effec- 
tive, and even after 36 days was 90 per 
cent effective. The mortality of mosqui- 
toes was 96 to 100 per cent. 

In tests on the effectiveness of residual 
insecticide G-560 on panels placed in air- 
craft and treated while on the ground, the 
panels from the floor were two to three 
times as toxic as those from the wall 
(Table 3). The panels on the ceiling gave 
an unaccountably high kill. American 
cockroaches were used in addition to the 
species reported in the previous test. 

The effectiveness of combined residue 
(G-560) and aerosol G-571) treatments 
was also tested in airplanes while on the 
ground. High mortalities were obtained in 
all tests (Table 4) against the same kinds 
of insects used in the test of residual treat- 
ment in the airplanes. All house flies and 
mosquitoes exposed to this treatment 
were killed. 

When combined residual and aerosol 
treatments were made while the plane was 


all tests of residual 


1 The authors are indebted to J. H. Fales and O. F. Boden- 
stein for the data on house flies and mosquitoes. 
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Table 3.—Effectiveness against agricultural insects of residual insecticide G-560 on aluminum 


panels placed in various locations in airplanes. 
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Wall 
Floor 
Wall 
Floor 


24 
76 
80 
67 
21 
61 
36 
62 














1 Dosage 75 mg. of DDT per square foot in each application 


in flight, practically all the test insects 
(American cockroaches, confused flour 
beetles, grasshoppers, Mexican bean bee- 
tles, Colorado potato beetles, Pentato- 
midae and Japanese beetles) were killed 
in 96 hours (Table 5). The 1- and 6-day- 


old residues in combinations with the 


aerosols killed all the house flies and mos- 
quitoes, and the 8-day-old residue plus 
the aerosol killed all the house flies in 24 
hours. Mosquitoes were not exposed to the 
8-day-old residue. 

Residual treatments alone do not free 
airplanes of insects, for insects resting on 


Table 4.—Effectiveness against agricultural insects of combined residual (G-560) and aeroso1 
(G-571) treatments applied to the interior of aircraft while on the ground. 
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1 In each test the aerosol was released immediately after insects were introduced. 


Table 5.—Effectiveness against various insects 


of combined residual (G-560) and aerosol (G-571) 


treatments applied to the interior of aircraft while in flight. 
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1In each test the aerosol was released immediately after insects were introduced. 
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Fic. 3.—Amount of residue settling out on horizon- 
tal surfaces compared with the amount of residue 
calculated to settle from the aerosol G-571 applied. 


untreated cargo or on passengers are not 
affected. Nevertheless, such treatments 
are particularly useful in reaching con- 
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cealed and semiconcealed areas where 
aerosol penetration is difficult. 

Summary.—A study was made on the 
use of residual and aerosol applications of 
insecticides, alone and in combination, for 
freeing aircraft of insects. The formula- 
tions found most effective in laboratory 
studies were tested further in a 1000- 
cubic-foot room, and applied later to the 
interior of airplanes. 

Of 17 formulations of residual insecti- 
cides tested in the laboratory, the best 
contained 10 per cent of DDT, and 5 per 
cent each of pyrethrum and _ piperonly 
butoxide (G-560), and of 24 aerosol for- 
mulations tested the most satisfactory 
contained 3 per cent of DDT, 5 per cent 
of pyrethrum, and 2 per cent of piperony! 
butoxide (G-571). 

The best results in airplanes were ob- 
tained with a combination of aerosol and 
residual treatments. A high mortality of 
agricultural insects, house flies, and mos- 
quitoes was obtained with a residue of 150 
mg. per square foot of G-560 plus 20 
grams per 1000 cubic feet of G-571. 
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Residual Action of Organic Insecticides 
Against Plum Curculio 


Roy W. Rivas, Ohio Agricultural Experiment Station, Wooster 


Commercial damage by the plum cur- 
culio has increased considerably in Ohio 
in recent years and in many areas this 
insect has become the most destructive 
pest of peaches as well as plums. While 
many improvements have been made in 
the chemical contro] of the insect there 
remains a very definite place for a material 
that is more practical than currently avail- 
able insecticides. Although technical ben- 
zene hexachloride is now the most widely 
used material for the control of this insect 
it has several undesirable properties. For 


example, adult beetles are slow in their 
reaction to the paralytic effects of the 
chemical and therefore have opportunity 
to feed upon and deposit eggs within the 
immature fruits before they are affected. 
Field tests have shown also that while 
the characteristic volatility of benzene 
hexachloride is advantageous in killing 
eggs or young larvae this same factor 
leaves much to be desired from the stand- 
point of residual toxicity. 

Another factor to be considered is that 
the technical benzene hexachloride materi- 
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al cannot be applied to peaches later than 
2 weeks after shuck-fall without risking 
contamination of fruit flavor. It appears, 
therefore, that an insecticide is needed 
which is capable of paralyzing or killing 
adult beetles quickly, possesses good resid- 
ual toxicity, and does not impair the 
quality of the fruit. 

The cage tests with plum curculio which 
are described below were designed with a 
two-fold objective in mind: (1) to obtain 
further information upon the residual ac- 
tion of certain organic insecticides which 
were currently under field tests against 
plum curculio, and (2) to discover promis- 
ing new materials for the future field 
testing program. This paper presents the 
results secured in insectary cage tests on 
the speed of knockdown, lethal action, 
and residual toxicity of 13 organic insecti- 
cides to plum curculio. 

An adequate supply of vigorous adult 
plum curculios was obtained by rearing 
larvae infesting Stanley prune drops 
which were collected beneath unsprayed 
trees in the vicinity of Port Clinton, Ohio. 
After emergence the beetles were allowed 
to feed upon untreated Elberta peach 
foliage and fruit for several days. Then 
they were counted into several lots, each 
of which contained 20 individuals. From 
6 to 14 lots were used in each of four series 
of cage tests. 

On July 20 three sets of untreated peach 
terminals were immersed in aqueous sus- 
pensions of the various materials at the 
dosages listed in table 1. After thorough 
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drying, each terminal in one set was 
placed in a battery jar and 20 beetles were 
introduced. The remaining two sets of 
terminals were held in the insectary for 
exposure to curculio at 5 and 10 day in- 
tervals respectively. The residual toxicity 
of deposits weathered out-of-doors was 
determined by immersing peach terminals 
without removing them amen the trees. 
After a period of 10 days, these terminals 
were removed and were also exposed to 
curculio in the manner described above.! 

Successive observations on knockdown 
and mortality were made at intervals of 
1, 3, 6, 12, 24, 36, 48, 60, 72, and 97 hours 
and in some cases records were taken 
after 120 and 144 hours. Since the record- 
ing of the data secured in these tests occu- 
pied considerable space, it has been con- 
densed in the following manner. Each 
series of observations was plotted on cross 
section paper using the common logarithm 
of time in hours on the abscissa and the 
probit of the percentage knockdown and 
mortality on the ordinate. The medi:n 
reaction time and median lethal exposu. ‘e 
time for each material at each weathering 
interval was then obtained by fitting a 
curve and interpolating at the 50 per cent 
level. The median reaction time as used in 
this paper designates the time required 
for a given insecticide to produce visible 
symptoms of poisoning in 50 per cent of 
the beetles. The median lethal exposure 
time is the time required for a given in- 


' Test began on August 5; 0.69 inches precipitation on August 
11; 0.35 inch precipitation on August 12. 


Table 1.—Residual activity of organic insecticides against plum curculio adults. 
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1 Ethyl o-nitropheny! thionobenzene phosphate. 
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secticide to kill 50 per cent of the beetles. 
The materials tested, the dosages, median 
reaction times and the median lethal ex- 
posure times appear in table 1. It is to be 
noted that the median readings have been 
rounded to the nearest whole number for 
clarity. 

In tests designed to measure the initial 
speed of kill, the best results were ob- 
tained with parathion, and ethyl] o-nitro- 
phenyl compound! and an ethyl p-nitro- 
phenyl compound;? all killed 50 per cent 
of the beetles in approximately 2 hours at 
a dosage of 2 pounds in 100 gallons of 
water. These three materials also exhib- 
ited exceptional residual toxicity with 
the ortho nitrophenyl compound some- 
what superior to the other two in this 
respect. Even when parathion and the 
para compound were used at concentra- 
tions of 1 pound in 100 gallons, both ini- 
tial and residual toxicity were maintained 
at a high level. 

Tetraethyl pyrophosphate was rapid in 
killing curculios when fresh deposits of the 
chemical were present on the foilage, but 
its toxicity decreased rapidly within 5 
days. After 10 days aging, tetraethyl pyro- 
phosphate killed but 20 per cent of the 
beetles which had fed upon treated foliage 
for 102 hours. 

Of the chlorinated hydrocarbon series, 
aldrin, dieldrin, chlordane, and _hepta- 
chlor were more effective than toxaphene, 
technical or refined benzene hexachloride, 
in initial toxicity. Even though these 
compounds knocked beetles down rapidly 
the actual lethal action was relatively 
slow. In most instances this was unim- 
portant but in the case of aldrin some in- 
dividuals recovered after they had been 
apparently knocked down. Most of the 
materials mentioned above had little or no 
residual toxicity after 10 days indoors. 
The exception to this, however, was 
dieldrin which appeared to lose none of 
its toxicity to curculio after 10 days aging 
in the insectary. 

A p-chlorophenyl compound? although 
somewhat slow in producing initial toxic 
symptoms and death, was shown to have 
better residual toxicity than most of the 
chlorinated hydrocarbon insecticides. 
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Fresh depositsof technical benzene hexa- 
chloride and refined benzene hexachloride 
required 25 and 53 hours respectively to 
knock down 50 per cent of the beetles. The 
insects remained alive for considerable 
periods after visible symptoms of poison- 
ing were evident. These two materials 
showed practically no residual toxicity. 

Toxaphene was superior to both tech- 
nical and refined benzene hexachloride 
but less effective than chlordane, hepta- 
chlor, aldrin and dieldrin. Although DDT 
did not compare favorably with other or- 
ganic materials, it is interesting to note 
that it did show some toxicity to curculio. 
Fresh deposits of DDT killed up to 40 per 
cent of the beetles in a period of 96 hours. 

SuMMARY.—Cage tests involving a 
study of the speed of knockdown, lethal 
action, and residual toxicity of 13 organic 
insecticides to plum curculio were con- 
ducted. Treated peach foliage was ex- 
posed to adult curculios at aging intervals 
of 0, 5, and 10 days under insectary condi- 
tions and at 10 days under orchard condi- 
tions. The phosphorus insecticides—para- 
thion, ethyl o-nitrophenyl thionobenzene- 
phosphonate and ethyl p-nitrophenyl 
thionobenzenephosphonate—were shown 
to be much more rapid in lethal action and 
exhibited better residual toxicity to plum 
curculio than did any of the chlorinated 
hydrocarbon insecticides at the dosages 
used. The insecticides may be arranged in 
order of their speed of knockdown as fol- 
lows: parathion, ethyl o-nitrophenyl thio- 
nobenzenephosphonate, ethyl p-nitro- 
phenyl thionobenzenephosphonate, tetra- 
ethyl pyrophosphate, aldrin, heptachlor, 
chlordan, dieldrin, toxaphene 2-nitro-1,1, 
bis (p-chlorophenyl benzene, technical 
benzene hexachloride, refined benzene 
hexachloride, and DDT. Of these mate- 
rials, parathion, the two thiobenzenephos- 
phonates, and dieldrin appear to be very 
promising for the control of plum curculio 
and warrant further labovatory and field 
investigation. 


1 Ethyl o-nitrophenyl thionobenzenephosphonate, E. I. Du 
Pont de Nemours & Co. Inc., Wilmington Delaware. 

2 Ethyl p-nitrophenyl thionobenzenephosphonate, E. I. Du 
Pont de Nemours & Co. Inc., Wilmington, Delaware. 

8 2-nitro-1, 1-bis(p-chlorophenyl) propane, Commercial Sol- 
vents Corporation. 
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A Comparative Study of Insecticides 
for Control of Plum Curculio 
S. C. CHanpier,! Carbondale, Illinois 


During the season of 1949 large scale 
tests were conducted in four peach or- 
chards in southern Illinois in which the 
following treatments were compared for 
the control of the plum curculio, Conotra- 
chaelus nenuphar: 


Pre-harvest stings, consisting of feeding 
and egg laying punctures of the adults, 
were determined by examinations just be- 
fore and just after the normal June drop. 
These early injuries may or may not per- 
sist until harvest but because the degree 


Table 1.—Treatments tested for plum curculio control. 








| Zz 


~ 
~~ 


TREATMENT 


| 


Lead arsenate spray 
Chlordane spray 


Aldrin spray 


Parathion, 15% spray 
Lead arsenate dust 


Parathion dust 
Dieldrin spray 


SCeONaow SF Owe 


Benzene hexachloride spray, 6% gamma 


Benzene hexachloride dust gamma isomer 


UsED IN 
ORCHARDS 
NUMBERS 


ACTIVE 
INGREDIENTS 
2 Ibs./100 gal, 
1 Ib./100 gal. 
4 Ibs./100 gal. 
4 0z./100 gal. 
8 oz./100 gal. 
2 Ibs./100 gal. 
10% 

1% 
1% 


4 02z./100 gal. 


1,2,8 
,3 
3 


’ 


1, 


g 
g 
2 
2 


1 
1, 
3 
1 
2 
2, ’ 
2 


9s 


3 





The number of applications, except for 
Dieldrin as noted above, was as follows: 


Orchards Dusts 
1 jena 
z 10 
3 10 
4 ll 


Sprays 
5 
8 


~ 


‘ 


Meruops or Measurina Resutts.— 
The comparative control obtained by the 
nine treatments was determined from 
data obtained by five methods, described 
as follows: 

Adult population records were obtained 
by jarring five representative trees in each 
block at approximately weekly intervals 
from the beginning of blossoming to har- 
vest. For this purpose two 6 ft. by 9 ft. 
sheets were used on opposite sides of the 
tree with only one placing of the sheets 
per tree. Treatments began as shucks 
started to crack. Jarrings up to this stage 
showed a remarkably uniform distribu- 
tion of the overwintering adults in the 
various blocks in all orchards, though all 
four did not have the same level of popu- 
lation. This was especially true of Orchard 
No. 1 which had a low carryover and for 
that reason the data obtained from it are 
not as significant as those from Orchards 
2, 3, and 4 which were all quite heavily 
infested. 
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of injury varies according to the rapidity 
of kill of the treatments, they may be 
used as criteria. 

Percentages of “wormy” drop fruit 
were obtained from five typical and 
centrally located trees in each block. All 
the drops were collected from these five 
trees four or five times during the drop- 
ping period and the records of infested 
fruit from each tree for each date kept 
separately. They are combined in the data 
tabulated in this paper. 

Records were made of stung fruit at 
harvest. The importance of stung fruit as 
it comes into the packing shed has been 
neglected by entomologists working with 
peach insects and its value as a gauge of 
control overlooked. Illinois growers insist 
that stung fruit as it goes over the grader, 
especially if a little gum is in evidence, 
must be discarded as culls just as the 
“wormy” fruit according to inspection 
rules, which means that it is almost as 
important as fruit in which the larva has 
developed. 

Records of “wormy”’ fruit were ob- 
tained at harvest. For securing data on 
both stung and wormy fruit 25 peaches 
were selected at random from each of 10 


1 Associate Entomologist, Illinois Natural History Survey. 
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centrally located trees in each plot. They 
were examined first for stings then cut 
and examined for larval feeding. Records 
were submitted for statistical analysis. In 
this paper data from all trees in each plot 
are combined. 

In tables 1 to 5 inclusive the sum- 
marized data obtained by the above five 
methods are presented. The treatments 
are listed in the tables in the approximate 


Table 2.—Numbers of plum curculio adults ob- 
tained by jarring five trees at regular intervals 
from the shuck split stage to harvest. 








ORCHARDS 


TREATMENT 2 3 

Aldrin spray 33. —od4 
Parathion spray $$ 23 
Dieldren spray 22 
Chlordane spray 10724 
Benzene hexachloride spray : 92 «61 
Parathion dust 116 61 
Benzene hexachloride dust 228 104 
Lead arsenate dust 176 187 
Lead arsenate spray $6 246 152 





Table 3.—Average number of stung peaches 
per hundred in pre-harvest examinations made in 
May and June. 








ORCHARDS 


TREATMENT 2 3 4 
Parathion spray 4 3 
Aldrin spray : 
Chlordane spray + 
Dieldren spray 
Parathion dust 6 
Benzene hexachloride spray 5 12 
Lead arsenate dust ss 15 
Lead arsenate spray 30 
Benzene hexachloride dust — $8 2 


ih oi 0 


Oo 20 
— “5 —*) 





Table 4. Percentages of drop peaches showing 
feeding of larvae of plum cur ulio. 








ORCHARDS 
TREATMENT Q 


Aldrin spray 
Parathion spray 
Dieldren spray 
Chlordane spray 5. 9. 
Benzene hexachloride 

spray 2.3 19. 
Parathion dust 21.8 
Benzene hexachloride 

dust 
Lead arsenate dust 
Lead arsenate spray 


3.{ 
4.6 
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Table 5.—Percentages of stung fruit at har- 
vest. 








ORCHARDS 
TREATMENT 
Parathion spray 
Aldrin spray 
Dieldren spray 
Chlordane spray 
Parathion dust 
Benzene hexachloride 
spray 
Lead arsenate dust 
Lead arsenate spray 
Benzene hexachloride dust 
Difference required for 
significance at 5% 





average order of their efficiency from best 
to poorest, from the lowest numbers of 
adults jarred and smallest percentages of 
injured fruit to the greatest numbers and 
percentages. This facilitates the determi- 
nation of the rank of the various treat- 
ments according to method used and ac- 
cording to orchard. 

Discussion.—An examination of the 
data presented in tables 1 to 5 will show 
two outstandingly good materials, para- 
thion and aldrin sprays. It will be seen 
that they rank first or second in every 
orchard in which they were used, judging 
by all five methods used in measuring 
efficiency. It will also be seen that three 
materials, lead arsenate spray and dust 
and benzene hexachloride dust, are as 
emphatically at the bottom of the list in 
comparative efficiency. 

Two materials showing more variability 
in rank than the others need some expla- 
nation. Parathion dust in Orchard 3 was 
at a disadvantage in that much of the 
fruit in the block was lost by a late freeze 
occurring after the first two applications 
had been made. In Orchard 4, where the 
tables show it ranking extremely high, the 
crop was uniform in all plots. The three 
plots in this orchard were dusted at the 
rate of 1 pound per tree instead of the 
usual 8 ounce dosage, and a liquid duster 
was used. It may be that with a 1 per 
cent dust, parathion must be applied quite 
heavily and thoroughly to compare with 
the spray at 2 pounds of 15 per cent per 
100 gallons. Another material, dieldren, 
ranks high in tables 2 to 5 inclusive, but 
in table 6 the per cent of wormy fruit at 
harvest was moderately high. This was 
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Table 6.—Percentages of fruit at harvest show- 
ing ‘‘wormy” from plum curculio. 








OrcHARDS 


TREATMENT q 3 





Parathion spray 
Chlordane spray 
Benzene hexachloride 
spray 
Lead arsenate dust 
Lead arsenate spray 
Parathion dust 
Dieldren spray 
Benzene hexachloride dust 
Difference necessary for 
significance at 5% 
Difference necessary for 
parathion and lead 
dust 





probably because, despite the material’s 
known residual qualities, the period from 
date of the second spray (April 29) to 
harvest (August 6) was too long. Even so, 
it is a very promising material, especially 
if one or two early applications are supple- 
mented by some material later in the 
season. 

Because of the hazards accompanying 
the use of parathion and possibly aldrin 
it is important to consider the relative 
position of benzene hexachloride and 
chlordane in this study. Chlordane is 
clearly superior. Benzene hexachloride 
dust is surprisingly inferior in these tests, 
although it was very satisfactory in the 
past two seasons’ experimental work and 


Table 7.—Numbers of transparent apples stung 
from plum curculio adults in blocks sprayed at 
petal fall and a week later. One thousand apples 
examined from each treatment. 








No. OF 
APPLES 
STUNG 


TREATMENT MEANS 


Benzene hexachloride, 4 lbs. 

of 6% gamma isomer per 

100 gal. 
Lead arsenate, 4 lbs. per 100 

gal. g 20.0 
Chlordane 1 Ib. actual per 100 

gal. } 5.6 

Difference necessary for 

significance at 5% 5.92 





uf 


good commercial control was obtained in 
quite a number of Illinois orchards in 

1949. The large percentages of stung fruit 

in benzene hexachloride spray and espe- 

cially in the dust blocks shown in tables 2 
and 4 are associated with the large num- 
bers of curculio adults jarred. It means 
that the adults are not killed quickly 
enough to prevent much of this injury. 

This was shown in a 1949 test on Trans- 

parent apples in Illinois. A summary of 

the results of this test are given in table 7. 
Taste Trests.—Taste tests for off-fla- 

vored fruit were made of raw and cooked 
peaches from all plots by three tasters 
working independently. In general they 
were in agreement that fruit sprayed with 
benzene hexachloride in Orchards 2 and 
3 tasted musty, and in some cases that 
receiving aldrin was so considered. From 
Orchard 1, receiving only five sprays, fla- 
vor was classed as good. No fruit dusted 
with benzene hexachloride was considered 
musty, even though dusts were applied a 
little later and oftener than the sprays. 
None of the other materials produced off- 
flavor. 

SumMary.—Five sprays and three dust 
treatments were compared in large scale 
orchard tests in Illinois, using five meth- 
ods for determining degree of control of 
the plum curculio on peach. The final 
ranking in order of efficiency from best to 
poorest is as follows: 

Dosage of Active 
Ingredients 
(per 100 gal- 
lons water) 

2 Ibs. 15% 
4 and 8 ounces 

4 ounces 

1 Ib. 


1% dust 
4 lbs. 6% gamma 


Material 
Parathion spray 
Aldrin spray 
Dieldrin spray 
Chlordane spray 
Parathion dust 
Benzene hexachloride spray 
Lead arsenate dust 10% 
Benzene hexachloride dust 1% gamma 
Lead arsenate spray 2 Ibs. 


Rank 
1 


Five to 8 spray and 10 to 11 dust appli- 
cations were made of the above materials 
except for dieldrin, used in the first two 
sprays only. Dieldrin shows great residual 
qualities. Parathion dust may have to be 
applied in heavier-than-usual dosages to 
equal parathion spray at the strengths 
used.— 12-20-49. 





An Appraisal of Some Chlorinated Hydrocarbon 
and Organic Phosphate Insecticides for 
Grape Berry Moth Control! 


E. F. TascHENBERG 
New York State Agricultural Experiment Station, Geneva 


The grape berry moth, Polychrosis vite- 
ana Clem., was unusually abundant dur- 
ing 1949 in the Chautauqua Grape Belt of 
New York. Available records, including 
observations of the writer during the past 
10 years, indicate that losses this season 
exceed those of any previous year with 
the possible exception of 1902-03, Slinger- 
land (1904). The abundance in 1949 may 
be accounted for by the mild winter and 
by the unusually high temperatures which 
prevailed during the growing season. It 
should also be noted that the crop was 
light, being approximately two-thirds of 
normal. 

Data published by the writer (Taschen- 
berg 1948) & Cox (1949) show that since 
1944 a high degree of control has been ob- 
tained with DDT. Three sprays of DDT 
were found to be as effective as four. The 
latter worker also reported that dichlor- 
odiphenyl dichloroethane and parathion 
gave control similar to that obtained with 
DDT. 

In the present studies DDT has been 
given further trial and from the primary 
point of view of obtaining data that might 
serve as a basis for establishing realistic 
DDT residue tolerances for grapes. The 
program has also included the evaluation 
of several newer insecticides not previous- 
ly tested. In addition to comparing pro- 
grams of these materials, observations 
were made on their performance against 
larvae which had become established with- 
in the berries. 

The materials tested are as follows: 

DDT, 50 per cent wettable powder. 

Dichlorodipheny] dichloroethane, 50 per cent wet- 
table powder, and 25 per cent in miscible solvent. 

Methoxychlor, 50 per cent wettable powder. 

F Ditolyltrichloroethane, 50 per cent wettable pow- 
er. 

Parathion, 25 per cent wettable powder. 

0,0-Dimethyl S-(2-oxo-2-ureidomethy]) 
phosphate. 

S-Carbamylmethy] 0,o-dimethy] dithiophosphate, 
25 per cent wettable powder. 

Tetraethyl pyrophosphate, 20 per cent and other 
related organic phosphates, 30 per cent. 

2-nitro-1, 1-bis(p-chlorophenyl) butane 50 per 
cent wettable powder. 


dithio- 


The concentrations as used in this paper 
refer to the commercial product and not 
actual toxicant. 

Mernops.—The_ investigations were 
conducted in commercial vineyards on the 
variety Concord. All sprays were applied 
with a covered boom carrying 14 nozzles 
per row. A 15-gallon per minute pump 
was employed operating at 475 pounds 
pressure. The application rate was ap- 
proximately 225 gallons per acre. The 
chlorinated hydrocarbons were used in 
combination with bordeaux mixture and 
the formulas were 4-4-100 and 3-4—100, 
respectively, in the first and second sprays 
and 2-4-100 in the third and fourth. First 
brood spray mixtures of organic phosphate 
insecticides contained ferric dimethyldi- 
thiocarbamate whereas a low soluble cop- 
per compound was included in those for 
the second brood. A miscible oil was added 
for the purpose of spreading and sticking 
the insecticide. This supplement consisted 
of 9 parts of summer oil and 1 part of an 
emulsifying agent.” 

Unless indicated otherwise on the tables 
all treatments were replicated three times. 
Each plot was 4 rows wide and at least 18 
vines long except in a block receiving 
only second brood sprays. In this test 
one row constituted a plot. The usual 
procedure followed in taking data has 
been to select at random 10 clusters from 
-ach of 10 count vines in a plot. However, 
in these studies the entire crop was exam- 
ined from the count vines in all but one 
block. In this test 20 clusters were selected 
from each of these vines, giving a 200 
cluster sample for the plot. The records 
from untreated check plots included the 
number of clean and infested berries, 
whereas only the injured berries were 
counted on treated. The number of berries 
per cluster was determined from counts 
on the untreated. The basic unit used in 
calculating the results was the cluster. 

Eastern Branch Program. 

1 Journal Paper No. 811, New York Agricultural Experiment 
Station, Geneva, New York, November 25, 1949. 


2 Triton B1956. Phthalic anhydride of glycerol alky] resins or 
G 1906 polyoxyethylene sorbitol hexaoleate. 
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Table 1.—Results obtained with three and four applications of DDT and three DDT analogs. 








DaTE oF APPLICATIONS AND RaTEs 


IN Pounpbs PER 100 GALLONS 


Per Cent 





MatTeEnrriAu! 6/24 


9/5 Infested Control 


ies) 
_ 
cos) 
“ 


7/5 





50% DDT 

50% DDT 

50% Methoxychlor 

50% Methoxychlor 

50% Dichlorodipheny] dichloroethane 
50% Dichlorodipheny] dichloroethane 
50% Ditolyltrichloroethane 

50% Ditolyltrichloroethane 
Untreated 


e © WT ®W WW W WL 


96 
97 
93 
95 
85 
91 
73 
81 


Ora 


1.5 


9 


~ 
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1 Bordeaux mixture 4-4-100, 3-4-100, 2-4-100 and 2-4-100 in application 1, 2, 3 and 4. Also 3 pints of miscible oil (B1956, 1 part, 


and oil, 9 parts). 


Resutts AND Discussion.—The data 
obtained with programs using three and 
four applications of chlorinated hydro- 
carbon insecticides are given in table 1. 
The rates of DDT and dichlorodipheny] 
dichloroethane were decreased in the sec- 
ond brood sprays in an ‘attempt to reduce 
the residue. It is evident that three appli- 
cations of DDT have proved as efficient 
as four in this experiment when the rate 
of infestation was extreme. These data 
substantiate records published by the 
writer (Taschenberg 1948) and Cox 


(1949). Methoxychlor proved to be quite 
effective, four sprays giving control com- 
parable to that obtained with three of 


DDT. Dichlorodiphenyl dichloroethane 


proved less efficient than either DDT or 
methoxychlor. The control with ditolyltri- 
chloroethane was definitely inferior to 
that with the other chlorinated hydro- 
carbons. 

It is evident from the data in Series 1 
table 2 that parathion at the 2-100 rate is 
very effective against the grape berry 
moth. The control obtained with three 
treatments was approximately as good as 
with four. The other organic phosphate 
insecticides were, S-Mercaptoacetylurea 
and S-Carbamylmethyl compounds, vir- 
tually worthless. 

The results of the experiment compar- 
ing parathion at the 1-100 rate with 1.5 
pounds of DDT per 100 gallons are given 


Table 2.—Results obtained with various schedules of organic phosphate insecticides and DDT. 








MATERIAL! AND Rate | PER 100 ) GALLONS 





25% Parathion, 2 lbs. 
25% Parathion, 2 lbs. 


25% 0,0-Dimethy] S-(2-oxo-2 ureidoethy]) thiophosphate, 2 lbs. 
S-(2-oxo-2 ureidoethy!) thiophosphate, 2 lbs. 


25% 0,0- Dimethyl S 


25% S-Carbamy methyl] 0,0-dimethy] dithiophosphate, 2 
25% S-Carbamylmethy] 0,0-dimethy! dithiophosphate, 2 lbs. 


Untreated 


Per Cent 


Infested Efficiency 


NUMBER OF 
APPLICA ATIONS 





98 
99 
39 
48 
43 
37 


2 Ibs. 


Series 2° 


25% Parathion, 1 lb. 
25% Parathion, 1 lb. 
50% DDT, 1.5 lbs. 
50% DDT, 1.5 lbs. 
25% Parathion, 1 Ib. 
Untreated 


34. 





1 Organic phosphate insecticides used with Fermate at 2-100 rate in applications 1 and 2 and low soluble copper 0.76-100 rate in 


8 and 4. 
2 Treated 6/27, 7/7, 
duplicate. 


7/23 and 8/5. 1 pint of spreader-sticker consisting of B1956, 1 part, and oil, 9 parts, was used. Plots were in 


3 Treated 6/21, 7/4, 7/28 and 8/8. A pint of spreader-sticker consisting of G1096, 1 part, and summer oil, 9 parts, was used with 
parathion and 1 quart where DDT was combined with bordeaux mixture. Bordeaux formulations were 4-4-100, 3-4-100 and 2-4-100, 
respectively, in applications 1, 2, and 3, Only 20 clusters examined on each count vine. 
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Table 3.—Results obtained with two applica- 
tions of parathion, methoxychlor and DDT 
against the second brood. 








Per Cent Fruit INrestep 
or Berries (Seconp Broop) 
In. URED -—-- = 
Brerore Control 
MaArTeriat! AND Rate TREATING Per E ffi- 
PER 100 GALLONS (First Broop) Cent ciency 
25% Parathion, 1 Ib. 6.0 0.4 99 
25% Parathion, 2 Ibs, 4.5 0.1 99 
50% Methoxychlor, 2 lbs. 7.0 3.2 93 
50% Methoxychlor, 3 lbs. 6.3 | 93 
50% DDT, .75 lb. 8.7 6.6 85 
50% DDT, 1.5 lbs. 5.3 1. 97 
Untreated 9.3 44.7 





! Treated 7/26 and 8/4. Parathion used with 0.75 lb. of low 
soluble copper and 1 pint of spreader-sticker (G1096, 1 part, sum- 
mer oil, 9 parts), and one quart of same spreader-sticker usec 
with methoxychlor and DDT bordeaux sprays. 


in Series 2 table 2. In this block the infes- 
tation was less than half of that in the 
others. However, it is more typical of the 
degree of infestation found in other years. 
The per cent efficiency of three ap- 
plications of DDT was similar to that 
obtained with a like number of parathion 
treatments. A split schedule of two DDT 
sprays against the first brood and one of 
parathion for the second brood gave con- 
trol comparable to that of a  striaght 
schedule of three parathion sprays. 
Results from tests with two applications 
of various concentrations of parathion, 
DDT and methoxychlor are presented in 
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table 4. The first brood sprays were 
omitted in this block and the efficiency of 
the materials was based on only second 
brood injury. Parathion, 1 and 2 pounds 
per 100 gallons, gave a high degree of con- 
trol, and DDT at the 1.5-100 rate was 
about as effective as parathion. The effi- 
ciency of DDT at the 0.75-100 rate was 
only 85 per cent. Methoxychlor at the 2 
and 3-100 rates gave the same control, 
93 per cent. 

The writer has included in table 3 the 
per cent of first brood injury. The pur- 
pose here is to record separately the in- 
jury which is usually combined with that 
of second brood. 

Incidental to the grape berry moth 
results, no apparent injury was observed 
on fruit and foliage treated either with 
the various chlorinated hydrocarbons or 
the organic phosphates. Apparently one 
application of any one of the chlorinated 
hydrocarbons was sufficient to eliminate 
practically all the grape leafhopper, Ery- 
throneura comes Say, but the organic phos- 
phates were less effective. The population 
was gradually reduced, however, with 
each additional application of the latter 
group of insecticides. 

TREATMENT OF INFESTED BERRIES. 
Information has been lacking on whether 


Table 4.—Results of tests using one spray application after the larvae had entered the fruit. 








MatTerIAL! AND RatE es 
PER 100 GALLONS Alive 


NUMBER OF LARVAE 


Dead REMARKS 


Selected only thoroughly covered fruit 


Series 1. First Brood 


25% Parathion, 1 Ib. 1 21 Treated July 7. Counted July 9. 
25% Parathion, 2 lbs. 4 23 Larvae second and third instar. 
25% 0,0-Dimethy! S-(2-oxo- Berries webbed together. Shallow 

2 ureidoethy! dithiophosphate, 2 lbs. 26 1 to deep feeding. 
25% S-Carbamylmethy! 0,0-dimethy] 

dithiophosphate, 2 Ibs. 27 0 
Check 27 0 

Series 2, Second Brood 

25% Parathion, 0.5 Ib. 2 48 Treated August 4. Counted Au- 
25% Parathion, 1 lb. 0 50 gust 6. Larvae in first and second 
25% Parathion, 2 lbs. 0 50 instar. Feeding just beneath skin. 
Check 49 


25% Parathion, 0.25 lb. 21 

25% Parathion, 0.5 lb. 12 

25% Parathion, 1 lb. 11 

25% Parathion, 2 lbs. 4 

25% Parathion, 0.5 lb. 9 
Bordeaux mixture 2-4-100 

Check 40 


Series 3. Berries Selected at Random 


19 Treated August 22. Counted Sep- 
28 tember 1. Larvae in second, third 
29 and fourth instar. Feeding varied 
36 from one-fourth to all of the berry. 
31 Some berries webbed together. 

0 














1 Sprays in Series 1 contained Fermate, 2 lbs. and 2 pint of spreader-sticker consisting of B1956, 1 part, and oil, 9 parts. The other 
sprays contained low soluble copper, 0.75 Ib., and oil, 1 pint. One quart of the above spreader-sticker added to spray containing bor- 
deaux mixture. 
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Table 5.—Results based on pupae-reared from 
100 clusters infested with second, third and fourth 
instar larvae at time of applying treatments. Ap- 
plication made August 21, samples collected 
September 1 and pupae counted October 26. 











Pupae PerCent 
PER 100 Repuc- 
MATERIAL! AND Rate PER 100 GALLONS CLUSTERS TION 
25% Parathion, .25 Ib. 217 71 
25% Parathion, .50 Ib. 132 82 
25% Parathion, .75 lb. 123 84 
25% Parathion, 1 lb. 100 87 
25% Parathion, 1.5 Ibs. 27 96 
25% pe 2 4 17 98 
25% Parathion, 0.5 lb. ' r 
Bordeaux mixture, 2-4-100 154 82 
25°% Parathion, 1 Ib. 11 gs 
Bordeaux mixture, 2-4-100/ ‘ 
25% 0,0-Dimethy! S-(2-oxo-2 ureidiethyl 
dithiophosphate 1 Ib. 621 17 
25% 0,0-Dimethy] S-(2-oxo-2 ureidiethy] 
dithiophosphate 2 lbs. 474 36 
25% S-Carbamylmethyl compound, 1 Ib. 499 33 
25% S-Carbamylmethyl compound, 
2 Ibs. 402 46 
20% Tetraethyl pyrophosphate, 4 fl. oz. 594 20 
20% Tetraethyl pyrophosphate, 12 oz. $47 +0 
50% 2-Nitro-1, 1-bis(p-chloropheny]) 
butane $42 $1 
50% 2-Nitro-1, 1-bis(p-cnloropheny]) 
butane, 2 Ibs. 463 38 
50% DDT, 2 Ibs. ) a 
Bordeaux mixture, 2-4-100 402 +6 
25% TDE (Liquid), 3 pts. 521 30 
Bordeaux mixture, 2-4-100 — : 
Check 745 





1 Low soluble copper added to sprays at 0.75-100 rate. All 
sprays of parathion, 0,0-Dimethyl S-(2 oxo-2 ureidiethy] dithio- 
phosphate. S-Carbamylmethyl compound, and 2-nitro-1,bis 
p-chlorophenvl) butane contained 1 pint of spreader-sticker 

B1956, 1 part, and oil, 9 parts) and 3 pints of the same material 
used in sprays having bordeaux mixture. 


grape berry moth larvae could be killed 
after they had become established in the 
berries. Apparently there are no published 
observations on this point for other pests 
that have feeding habits similar to those 
of the grape berry moth. A series of three 
tests was conducted in this phase of the 
investigation. The initial test was against 
first brood larvae and the others involved 
larvae of the second brood. A single spray 
application was made with each material 
according to the method described earlier. 
A microscopic examination was made of a 
sample of infested berries from both 
treated and untreated plots. The date of 
treating and examining berries is given in 
the table presenting the data. In the third 
test 100 clusters were picked at random 
from each plot. The purpose was to rear 
surviving larvae to the pupal stage and 
thus obtain additional information to sup- 
port the limited volume of data obtained 
from the microscopic examinations. These 
clusters were placed in wooden boxes 12 
by 22 by 6 inches which were lined with 
two thicknesses of newspaper. Grape 
leaves on which larvae normally prepare 
cocoons were made available for cocoon- 
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ing. Some leaves were placed on the bot- 
tom of the box and others were distributed 
among the clusters. Usually some cocoons 
were prepared on the paper. Since cocoons 
were occasionally constructed out of the 
skins of the berries, all fruit in each lot was 
examined. 

The results of experiments with insecti- 
cides applied after larvae had entered the 
berries are given in tables 4, 5, and 6. Data 
from the examination of berries summa- 
rized in table 4 show that parathion is toxic 
to larvae occurring inside the fruit. The 
per cent kill in series 1 and 2 with parathi- 
on at the 1 and 2-100 rates was similar. A 
concentration of 0.5 pound of parathion 
per 100 gallons was about as toxic to first 
and second instar larvae as the higher 
rates. The other organic phosphate in- 
secticides, 0-o-dimethyl S-(2-oxo-2 ureido- 
methyl dithiophosphate and S-Carbamyl- 
methyl 0,o-dimethyl dithiophosphate, at 
the 2-100 rate were ineffective. In the 
two preceding series the larvae were in 
the first, second, and third instar, where- 
as in series 3 second, third and fourth 
instar larvae of the second brood were 
present and many were feeding near the 
center of the berries. The kill in series 
3 tests was 73 and 90 per cent, respective- 
ly, with 1 and 2 pounds of parathion per 
100 gallons, indicating that a higher con- 
centration would be necessary to kill the 
entire larval population after some had 
reached the fourth instar. As a matter of 
fact, the larvae that survived in the ex- 
periment were in this stage. The efficiency 
of parathion was not decreased by 2-4- 
100 bordeaux mixture. 

Incidental to the above studies, it was 
observed that a large number of eggs 
that were in blackhead stage failed to 
hatch on berries treated with one para- 
thion spray. The hatch was normal on the 
untreated checks. 

The data from tests in which surviving 
larvae were reared to the pupal stage are 
given in table 5. It is evident from the 
results that parathion was the most effec- 
tive material used to kill larvae within 
the berries. At a concentration of 4 ounces 
per 100 gallons, the per cent reduction 
in the number of larvae was higher than 
for the other insecticides. Parathion at the 
1.5 and 2-100 rates gave a reduction of 96 
and 98 per cent, respectively. Bordeaux 
mixture caused no apparent reduction in 
the effectiveness of parathion. The other 
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Table 6.—Efficiency of one application of various parathion sprays applied after the berries were 
infested with second brood larvae in first and second instar. 








Materia! AND Rate Feeding? 
PER 100 GALLONS Sears 
25% Parathion, 0.5 Ib. 18.9 
25% Parathion, 1.0 lb. 21.0 
25% Parathion, 2.0 Ibs. 16.0 
25% Parathion, .75 lb. 17.0 
Bordeaux mixture 2-4-100 ° 
25% Parathion, 1.5 lbs. 15.3 
Bordeaux mixture 2-4-100 : 
Untreated 0.4 


Per Cent 


SAMPLEs OF 100 CLUSTERS 





Weight in Pounds 





Good 
Wormy Wormy (marketable) 

17.4 ) 9.3 
18.9 1.4 9.3 
12.9 0.9 9.8 
12.9 0.9 8.8 
18.2 8.8 
63.2 $3.8 4.5 





1 Applied 7/26. Data taken 9/8. 


Low soluble copper added at 0.75-100 rate and 1 pint spreader-sticker (G1096, 1 part, summer oil, 9 parts) and 1 quart of the same 


spreader-sticker added to sprays containing bordeaux. 


2 May be defined as the injured area of the berry skin including in most instances a small cavity beneath. 


organic phosphate insecticides, as well as 
DDT,  dichlorodiphenyl dichloroethane 
and the p-chlorophenyl compound were 
virtually ineffective. 

The data from the test using one appli- 
cation of various concentrations of para- 
thion alone and with bordeaux mixture 
applied after the fruit was infested with 
first and second instar larvae are presented 
in table 6. The per cent of feeding scars! is 
high on the treated and very low on the 
untreated. It is assumed that these scars 
are evidence that the treatment killed 
larvae in the pulp of the berry. These 
results substantiate the other data which 
show that parathion is toxic to larvae 
within the berries. The various concentra- 
tions of paration alone and in bordeaux 
mixture gave similar results. The weights 
of the injured and good fruit on samples 
of 100 clusters from plots treated with 
one application of various parathion 
sprays and the untreated check are pre- 
sented in table 6. The per cent of wormy 
berries on different lots is given in table 6. 

PARATHION RestpuE.—The parathion 
residue analyses on grapes receiving only 
one application of various spray mixtures 
are presented in table 7. The determina- 
tions were made according to the method 
developed by Averell & Norris (1948). All 
samples consisted of at least 500 grams of 
berries. These fruits had been snipped 
individually from the clusters and any 
injured or cracked were discarded. With 
sach series of determinations a blank was 
run on unsprayed fruit. Initially the blank 
value was found to be zero, but as the 
fruit approached maturity positive values 


were obtained. At the end of the first 
week, a blank reading equivalent to 0.22 
p-p.m. of parathion was found and at the 
end of 3 weeks this value had risen to 1.83 
p.p.m. 

Analyses made within 24 hours after 
treating were quite consistent. Seven days 
after the sprays were applied there was a 
marked decrease in the residues on all 
samples. Within 3 weeks the parathion 
residue value was zero for most of the 
treatments. 

SumMaAry.—Field studies on the control 
of grape berry moth were conducted with 
several chlorinated hydrocarbon and or- 
ganic phosphate insecticides. Programs of 
three and four applications of these 
materials were tested in very severely 
infested vineyards, the per cent of injured 
berries ranging from 34 to 77 per cent in 
the experimental blocks. 

DDT was the most effective of the 
chlorinated hydrocarbon __ insecticides 
which included dichlorodipheny] dichloro- 
ethane, methoxychlor and ditolyltrichloro 
ethane. Methoxychlor proved nearly as 
efficient as DDT. The investigation re- 
vealed that parathion was very effective; 
three sprays containing 1 pound of 25 
per cent wettable powder gave above 98- 
per cent control. The results with para- 
thion were slightly superior to those ob- 
tained with DDT. The organic phosphates, 
S-Mercaptoacetylurea S-Carbamylmethy] 
compounds, were ineffective. Parathion 
was toxic to larvae after they had become 
established in the fruit. Concentrations of 


1 Feeding scar injured area included in most instances a small 
cavity beneath. 
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e Table 7.—Parathion residue analyses on Concord grapes treated with one spray of parathion con- 
taining a spreader-sticker, an oil type spreader-sticker and in bordeaux mixture.! 

ResipueE® P.P.M. 
(AuL Sprays AppLiEp 8/9) 
MATERIAL? AND RATE PER 100 GALLONS 9/10 7/17 8/31 
25% Parathion, 1 lb.+spreader-sticker, 3 oz. 2.01 0.41 0.0 
25% Parathion, 2 lbs.+-spreader-sticker, 3 oz. 4.48 0.48 0.0 
25% Parathion, 1 Ib.+ oil, 1 pt. 2.25 0.51 0.0 
25% Parathion, 2 lbs.+ oil, 1 pt. 9.25 1.90 0.75 
25% Parathion, 1 lb. ) 
Bordeaux mixture 2-4-100 > 2.23 0.43 0.0 
Oil, 3 pts. ! 
25% Parathion, 2 lbs. ) 
s Bordeaux mixture 2-4-100 > 5.80 1.59 0.04 
Oil, 3 pts. 
1e 
25% Parathion, 1 lb. 
Bordeaux mixture 4-4-100 > 1.55 0.17 0.0 
{ Oil, 3 pts. 
2 ~O7 . 
25% Parathion, 2 lbs. 
€ Bordeaux mixture 4-4-100 > 5.44 0.64 0.0 
3 Oil, 3 pts. 
» Total precipitation (in inches) between time 
sprays applied and samples collected 0.00 0.10 2.23 
s 
a geet made by A. W. Avens of Division of Food Science and Technology, N.Y.S. Agricultural Experiment Station, Geneva, 
N. Y. 
I 2 Spreader-sticker, Triton B1956. Oil, a combination of B1956, 1 part, and oil, 9 parts. Low soluble copper, 0.75 lb., added to sprays 
n not containing bordeaux. 
3 Readings on the untreated were 0.22 and 1.83 p.p.m. respectively, on 8/17 and 8/31 and were subtracted from original determina- 
eC tions. 
| 0.5 and 1.0 pound of parathion were suf- feeding inside the fruit were the S-Mer- 
h ficient to kill practically all larvae in the captoacetylurea and S-Carbamylmethy!] 
, first, second and third instar. In tests in- | compounds, tetraethyl pyrophosphate, the 
1 volving some fourth instar larvae a con- p-chlorophenyl butane compound, DDT, 
e centration of 2 pounds appeared necessary and dichlorodipheny! dichloroethane. 
y to give a kill of 90 per cent or above. The The residue from one spray of para- 
d efficiency of parathion was not decreased  thion at the 1-100 rate was less that 1 
1 by bordeaux mixture. Materials which — p.p.m. 7 days after treating and less than 
showed little or no value against larvae 0.1 p.p.m. at the end of 3 weeks. 
e 
s LITERATURE CITED 
% Averell, P. R., and M. V. Norris. 1948. Estimation of small amounts of 0,0 diethyl 0,p-nitropheny! 
D thiophosphate. Anal. Chem. 20(8): 753. 
s Cox, J. A. 1949. Field experiments for control of grape berry moth. Jour. Econ. Ent, 42(3): 507-14. 
2 Slingerland, M. V. 1904. The grape berry moth. New York (Cornell) Agr. Expt. Sta. Bul. 223: 41-60. 
: Taschenberg, E. F. Evaluation of spray programs for the control of the grape berry moth, Polychrosis 
’ viteana, Clem. New York (Geneva) Agr. Expt. Sta. Tech. Bul. 283: 1-72. 
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a George Vogt was given an appointment, effective 
June 15, 1949, with the Division of Insect Identifica- 
] tion of the Bureau of Entomology and Plant Quar- 
antine. Mr. Vogt was formerly assistant professor 


: of the Department of Entomology of the University 
P of Maryland. Mr. Vogt is now engaged as a specialist 
f in taxonomy of Coleoptera with emphasis on Bu- “i 


prestidae, Cerambycidae, and Meloidae. 











Further Investigations on the Control of the Clover 
Root Borer in New York 


GrorceE G, Gyrisco and D. S. MarsHatu,! Cornell University, Ithaca, N.Y. 


Preliminary investigations of insecti- 
cides against the clover root borer, Hylas- 
tinus obscurus Marsham, in New York 
State were conducted in Oswego County 
during 1946-48 (Marshall et al. 1948). 
Those tests indicated that comparable 
concentrations of gamma isomer of ben- 
zen» hexachloride, parathion and chlor- 
dane were the most effective insecticides 
used. This paper is a progress report on 
further work conducted in 1949, using the 
above mentioned materials as well as 
toxaphene, methoxychlor and two of the 
newer synthetic materials.’ 

Traps, made of presswood board 12 
inches square and mounted on a stake 10 
inches from the ground, were painted on 
the upper surface with tanglefoot. The 
traps were in operation by April 1 at 
Minetto, New York, one series being es- 
tablished in a first crop year clover field, 
the other in a second crop year clover 
field. From the daily collections made, it 
was ascertained that the peak flight of the 
adult borers was reached by the second 
week in May. Clover root borer control 
experiments were conducted at several lo- 
cations to determine if the peak flight re- 
corded at Minetto might be accepted as 
a criterion for the general peak flight in 
northeentral New York State and there- 
fore as a device for timing insecticide ap- 
plications in that area. 

Meruops AND  MATERIALS.—T'wo 
methods of dust application were used in 
the various tests. One was a hand-oper- 
ated fertilizer spreader with adjustable 
gravity-feed outlets and the other an even- 
feed single outlet power duster, mounted 
on a pick-up truck with a 10-foot side 
delivery tubular boom. Benzene hexa- 
chloride and parathion dusts were impreg- 
nated on pyrophyllite; the other dusts 
were simple ribbon-mill dust mixtures and 
proprietary formulations. All the dusts 
used were weighed out for each plot and 
further diluted mechanically with tale so 
that a predetermined amount of toxicant 
could be evenly distributed on each plot. 
The plots which were 10 by 20 feet in 
size, unless otherwise stated, were random- 





ized within blocks and replicated at least 
three times. 

Residue sampling, just before harvest, 
consisted of taking three 1-foot square 
samples of red clover from random areas 
in each plot, or 9 to 15 square feet of 
standing clover per treatment. The sam- 
ples were stripped with benzene and the 
strippings analysed for total chlorides by 
the electrometric titration in the case of 
all the chlorinated hydrocarbons. The 
Averell and Norris Colorimetric Titration 
method was used for parathion. 

Hay yields were recorded by taking 
three random 1 square foot samples from 
each plot and allowing the hay to air dry 
for several weeks in paper bags. The yields 
recorded are therefore on the air dry 
weight basis. While the use of air dry 
weight in hay samples is open to certain 
criticism, it does indicate yields compar- 
able to those secured by the grower. 

In the fall, a predetermined number of 
clover roots, usually 30, were dug from 
each treatment and individually dissected 
and examined to determine the infesta- 
tions of the cloversroot borer. Whenever 
there was question as to whether certain 
of the roots in the treated plots were in- 
fested, the root was scored as infested so 
that no bias would be recorded in favor 
of the treatment. 

Discussion.—Experiment 1 was de- 
signed to establish the minimum effective 
dosage of benzene hexachloride for clover 
root borer control. In this test (Table 1), 
benzene hexachloride was effective at all 
concentrations used. However, only the 
higher concentrations, 1.00 and 1.25 
pounds of gamma isomer of benzene hexa- 
chloride per acre, gave controls which were 
significant at the 1 per cent level. These 
concentrations of the insecticide con- 
trolled more than 96 per cent of the borers. 
From these data it would appear that at 
least 0.75 pounds of gamma isomer of 
benzene hexachloride per acre are needed 


1 The authors are indebted to A. A. Muka who assisted in 
much of the field and Jaboratory work. 

2 Commercially known as “Octalox”’ (1) and “‘Octalene’’ (2). 
Julius Hyman and Company. 
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Table 1.—Exp. 1. Summary of control data for clover root borer with several concentrations of benzene 


hexachloride applied May 12, 1949. Fulton, N. Y. 








Resipvue! 





TOXICANT PPM 

PER ACRE ————— 
MATERIAL IN Lbs. Ave. 
Benzene hexachloride 0.507 1.0 
Benzene hexachloride 0.757 0.5 
Benzene hexachloride 1.007 0.9 


Benzene hexachloride 1.25 1.6 
Check (untreated) = 


Dry Wr. 

JUNE 14 Hay Yietps Non-INFestep PLANTS 

sa IN LBs. aa 
Range PER AcRE NuMBER PER CENT 

0.0-2.9 7295 26 86.7 

0.0-1.2 8427 28 93.3 

0.5-1.3 7551 29 96.7 

0.0-3.5 8066 29 96.7 

= ( 


7514 1+ 46. 


Least significant difference at the 5% level 33.6% 


Least significant difference at the 1% level 48.9% 





1 Chemical analyses made by Dr. L. B. Norton. 


for practical control of the clover root 
borer. 

It may be stated that the hay yields of 
the first hay cutting were inconclusive 
under the abnormal growing conditions 
of extreme drought that occurred in the 
northeast during the 1949 season. Al- 
though no differences appeared in the 
yields of hay, it is believed that real differ- 
ences will be apparent in the survival of 
red clover in the various treatments next 
year. Differences in hay yields that did 
occur were due to the various soil types 
and to the topography of the land. Those 
soils and areas that retained the greatest 
moisture gave the largest yields of hay. 

The single, well timed application of 
insecticides gave negligible residues that 
average less than 2 ppm in most cases at 
harvest time. It should be pointed out 
here that a minimum of three hay samples 
were analysed for residues for each treat- 
ment, and the average remnant reported 
in the tables is a mean of these figures. 
However, in the case of parathion, in 
Experiment 3, 14 samples were chemically 
analysed and the average residue reported 


(Table 3) is the mean of that number of 
individual hay samples. Some variation 
in residues between samples did occur, 
probably due to variations in the applica- 
tion, weathering ete. For example, two of 
the three residue samples for material 1 
(Table 3) showed no residue at harvest 
while the other sample gave 7.2 ppm of 
total chloride. On the other hand, some 
treatments such as methoxychlor gave 
uniform readings of 0.8, 0.5 and 0.5 ppm 
of insecticidal residue. Since there is ap- 
preciable variation in the residue data for 
some treatments, the ranges of the rem- 
nants are included also in the tables. 
Precipitation probably played only a 
minor role in the degradation of the resi- 
dues of the insecticides at Fulton, N. Y., 
since only a total of 0.98 inches of rain 
fell in seven wetting periods between the 
date of applications and harvests for the 
three experiments located in that town. 
No rainfall gauge was maintained in the 
plots at Skaneateles. Sunshine, wind ac- 
tion and growth are probably largely re- 
sponsible for the reductions in residue, 
although timing of the application is very 


Table 2.—Exp. 2. Summary of control data for clover root borer with parathion applied May 12, 1949. 





Fulton, N. Y. 








RESIDUE 


ToxXICANT PPM 
PER ACRE —_———- 
MATERIAL IN Las. Ave. 
Parathion 0.507 0.00 
Parathion 0.75y 0.68 
Parathion 1.007 6.11 
Parathion 1.25 0.00 


Check (untreated) -— -~ 


Least significant difference at the 5% level 28.3% 
Least significant difference at the 1% level 41.2 


Dry Wr. 
JUNE 14 Hay YreELps NON-INFESTED PLANTS 
oe IN Las. -- 

Range PER ACRE NUMBER PER CEN? 
0 .00-0 .00 9306 13 43.3 
0 .00-2 .04 9275 22 73.3 
0.00-0 .32 8582 21 70.0 
0.00-0 .00 9524 21 70.0 

— 9318 14 


46.6 


o7 
4/0 
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Table 3.—Exp. 3. Summary of control data for clover root borer with benzene hexachloride, parath- 
ion, chlordan,' toxaphene,? methoxychlor,* test materials 1‘ and 2° applied May 12, 1949. Fulton, New 
York. 








RESIDUE Dry Wr. 














ToxICANT PPM JUNE 15 Hay Yretps NoN-INFESTED PLANTS 
PER ACRE ——— : —_————— IN LBs. 

MATERIAL IN 1 BS. Ave. Range PER AcRE NuMBER  PeER CENT 
Chlordane 2.0 2.0 0.0-5.3 9382 14 46.6 
Methoxychlor 4.0 0.6 0.5-0.8 10262 15 50.0 
Toxaphene 4.0 1.0 0.0-3.0 9447 15 50.0 
Parathion 1.0 0.31 0.0-0.74 9255 19 63.3 
Chlordane 1.5 0.0 0.0-0.0 9921 21 70.0 
Benzene hexachloride 1.07 1.5 0.9-2.1 10223 Q7 90 
Test material 2 2.0 0.7 0.3-0.9 9547 97 90 
Test material! 1 2.0 2.4 0.0-7.2 9278 29 96.6 
( heck (untreated) - -- —_ 9460 9 30.0 





ie ast cen ant diffe rence at the 5% neal 17.8% 
Least significant difference at the 1% level 21.6% 





1 1,2,4,5,6,7,8, 8-octachloro-4,7-methano-3a, 4,7,7a tetrahydroindane. 
? Chlorinated “camphe ne (69% Chlorine). 

* Dimethyl dipheny] trichloroethane. 

4 1,2,3,4,10,10-hexachloro-6,7-¢ poxy- 1,4, 4a,5,6,7,8,8a-octahydro-1,4,5,8-dimethanonaphthalene 
§ 1,2,3,4,10,10-hexachloro-1,4,4a,5:8,8a- ‘hexs ahydro- 1,4,5,8- dimethanonaphthalene. 


Table 4.—Exp. 4. Summary of control data for clover root borer with purified benzene hexachloride 
applied at the rate of one pound actual gamma per acre in medium red clover breeding plots applied 
May 13, 1949. Ithaca, N. Y.! 

















Not TREATED TREATED 

——_—_——————— Ave. YIELD 9 ————-——-——— AvE. YIELD 

No. Per CENT IN Lbs. No. Per CENT IN Lbs. 

ORIGIN OF CLOVER EXAMINED INFESTED JUNE 23 EXAMINED INFESTE D JUNE 23 

( ‘umberl: al U S D. ‘ 40 25.0 3783 40 0.0 $308 
Midland U.S.D.A. 40 42.5 4430 40 0.0 3864 
Kenland U.S.D.A. 40 20.0 4686 40 2.5 4450 
Comm. Oregon U.S.D.A. 40 $2.5 3381 40 0.0 4336 
Comm. N. Ohio U.S.D.A. 40 20.0 4664 40 0.0 4457 
Scott, Pa. U.S.D.A. 40 17.5 4671 40 0.0 3940 
Rahn, Il. U.S.D.A. 40 25.0 4354 40 0.0 4512 
Otten, Ind. U.S.D.A. 40 10.0 4608 40 0.0 4486 
Van Fossen, Ohio U.S.D.A. 40) 25.0 4576 40 0.0 4434 
Altaswede, Canada U.S.D.A. 40 12.5 4543 40 2.5 4706 
Manhardy, Canada U.S.D.A. 40 5.0 3965 40 0.0 4311 
Wegener, Minn. 1 5.D.A. 40 20.0 4071 40 0.0 4292 
Ottawa, Canada U.S.D.A. 40 20.0 4405 40 2.5 4473 
Emerson, Iowa U.S.D.A. 40 15.0 4214 40 0.0 4058 
Mild. Res. Wise. U.S.D.A. 40 $7.5 4461 40 0.0 4442 
Bates, Rushville, N. Y. 40 15.0 4599 40 0.0 3856 
Paddock, Rushville, N. Y. 40 17.5 4848 40 0.0 4103 
Shipman, Canandaigua, N. Y. 40 176 4044 40 0.0 3434 
Young, Interlaken, N. Y. 40 $2.5 4744 40 2.5 4071 
Dollard, U.S.D.A. 40 30.0 4000 40 0.0 4341 

800 Av. 22.0 Av. 4352 800 <Av.0.50 Av. 4243 

Insect arery t= 10. ] 

Significance at odds >9999:1 





1 This work was conducted in cooperation with Dr. R. P. Murphy and Dr. S, A. Atwood, Department of Plant Breeding, Cornell 
University, Ithaca, N. Y. 
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important for low residues and good clover 
root borer control. Since the toxicants are 
applied in early May when the clover 
plants are only a few inches tall, most of 
the dust sifts down into the crowns. Here 
the insecticides are not only most effective 
but also are largely below the height of 
the cutter bar at harvest time when most 
of the hay is “new growth” and thus largely 
free of residues. 

Experiment 2 (Table 2), as the previous 
one, was designed to determine the most 
effective minimum dosage of the toxicant 
for the control of the borer. Although 
there were no statistical differences be- 


Methoxychlor and toxaphene showed 
little promise at the concentration at 
which they were used. These last two 
materials, while somewhat better than the 
untreated checks, gave only 50 per cent 
control of the borer. 

Since many workers (Compton & 
Kearns, 1937) (Hartzell & Moore, 1936) 
in the past have shown that the food 
habits of one species of insect may often 
affect its susceptibility to the same insec- 
ticide, 20 varieties of red clover were 
treated with the same insecticide, lindane, 
(see Table 4) with appropriate untreated 
checks being left in each case. The treated 


Table 5.—Exp. 5. Summary of control data for clover root borer with benzene hexachloride, parath- 
ion and methoxychlor applied May 16 and 21, 1949. Skaneateles, N. Y. 














AVE. 
ToxIcANT RESIDUE Hay Yretps NON-INFESTED PLANTS 
PER ACRE PPM IN Lbs. oe we 
MATERIAL IN Ls. GREEN Wr, PER ACRE Number Per Cent 
July 12 
Parathion 1.0 0.00 5441 20 66.7 
Methoxychlor 5.0 0.65 6249 20 66.7 
Benzene hexachloride 0.5 - 6483 30 100.0 
- — 6078 20 66.7 


Check (Untreated) 


Least Significant Difference at the 1% level. 23.3% 





tween the various concentrations of para- 
thion in this experiment, the differences 
are worthy of note, since the higher con- 
centrations of the toxicant did control 
about 70 per cent of the clover root 
borers. One-half pound of parathion per 
acre appeared to be ineffective under the 
the conditions of this experiment. It is 
believed that if larger samples of clover 
roots had been taken, real statistical differ- 
ences would have been found. The differ- 
ences, however, between the higher con- 
centrations of parathion and the 0.75 
pounds of the toxicant per acre are so 
small that they are probably due to chance 
alone. 

In a comparison of several organic in- 
secticide dusts (Experiment 3, Table 3), 
test materials 1 and 2 and benzene hexa- 
chloride all proved to be highly effective 
for the control of the clover root borer. 
These materials gave control averages of 
90 per cent or better. Parathion while 
effective from a practical standpoint was 
not as good as these three previously men- 
tioned materials. Chlordane proved some- 
what erratic in action in the various repli- 
cations and is, therefore, not dependable. 


blocks served to indicate whether varietal 
differences affected clover root borer sus- 
ceptibility to benzene hexachloride while 
the untreated blocks indicated whether 
any varieties showed resistance to clover 
root borer attack. These plots were 5 by 
20 feet in size and replicated in random- 
ized blocks, 8 times. Half of the blocks 
were treated with the power duster and 
half of the plots were left untreated. 

In no case did the variation in food 
affect the susceptibility of the clover root 
borer to lindane. Of the 800 roots of 20 
varieties that were examined, merely 4 
plants or 0.5 per cent were infested in the 
treated plots. While no varietal immunity 
occurred in the untreated blocks, a few 
varieties showed a low infestation and will 
warrant further investigation. 

In experiment 5 (Table 5), inclement 
weather conditions at Skaneateles, New 
York caused postponement of part of the 
dust application for nearly one week. A 
storm suddenly arose on May 16 after the 
benzene hexachloride plots had _ been 
treated and it was not until May 21 that 
the other two treatments could be applied. 
This apparent unfortunate delay served 


86 JOURNAL OF Economic ENTOMOLOGY 


to emphasize the need for proper timing 
as only the earlier applied material, ben- 
zene hexachloride, proved to be effective 
(Table 5). The other two treatments were 
no better than the untreated check. In 
this experiment, the plots were 20 by 100 
feet and were replicated in randomized 
blocks five times. All the materials were 
applied with the even-feed single outlet 
duster. 

The number of red clover plants that 
were found in random square yard areas 
were recorded for each plot. These selected 
areas were marked and staked so that the 
persistence of the red clover in this experi- 
ment can be determined in subsequent 
years. 

SUMMARY AND CoNcLUSION.— In sever- 
al experiments conducted in New York 
State with benzene hexachloride, para- 
thion, methoxychlor, test material 1, toxa- 
phene, test material 2 and chlordane in 
1949 against the clover root borer, test 
material 1, benzene hexachloride and test 
material 2,in that order, appeared to be 
the most effective materials tested. In 
single trials, test materials 1 and 2 at the 
rate of 2 pounds of actual toxicant per 
acre appeared very promising for clover 
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root borer control. In two concentration 
experiments to determine the minimum 
effective dosage of parathion and benzene 
hexachloride, it was found that at least 
0.75 pounds of parathion or gamma isomer 
of benzene hexachloride is needed for prac- 
tical control of the clover root borer. 

Hay yields were taken on several of 
the experiments and although highly satis- 
factory control of the clover root borer was 
recorded with several of the materials 
tested, no appreciable differences in yields 
were found. The prolonged drought was 
believed to be responsible for this apparent 
discrepancy in the data. 

Samples of clover hay were taken at 
harvest time from all the treatments for 
residue analysis. Negligible residues which 
averaged less than 2 ppm of the toxicants 
were recorded in most cases. 

While several of these insecticides have 
given excellent control of the clover root 
borer, these data do not constitute a 
recommendation for use of these materials. 
Until further information is available on 
the effects of these toxicants on beef and 
dairy cattle, treated hay should not be 
fed to dairy animals and cattle being 
finished for slaughter. 


LITERATURE CITED 
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Emory D. Burgess, who has been associated 
with the U. S. Department of Agriculture inter- 
mittently since 1924, was recently appointed as- 
sistant to Dr. W. L. Popham, assistant chief, Bureau 
of Entomology and Plant Quarantine, in Charge of 
Control Operations. Mr. Burgess will participate 
in the direction and development of the operations 
carried on by the Bureau in cooperation with state 
and local agencies to eradicate or control outbreaks 
of insect pests and plant diseases. During the past 
three years Mr. Burgess was associated with the 
Division of Gypsy Moth Control. 





Persistence of Effect of DDT on Japanese Beetle 
Larvae in New Jersey Soils 


Water FE. Fiemina,' U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


A study of the effectiveness and persist- 
. . ry. e 

ence of a soil treatment with DDT in 
controlling larvae of the Japanese beetle, 
Popillia japonica Newman, has been un- 
der way since 1943. Laboratory tests have 
included 80 soils from New Jersey, New 
York, Massachusetts, Connecticut, Rhode 
Island, Virginia, North Carolina, and 
Ohio and field tests have included plots in 
several of these States. A preliminary re- 
port covering the first 3 years of this in- 
vestigation has been published (Fleming 
1947). In this report the results obtained 
with soils from New Jersey are discussed. 

Laboratory Tests.—In 1943, 28 
representative types of soil were collected 
from different parts of New Jersey. These 
soils were. 

Berks shale loam 

Chester loam 

Collington sandy loam 

Collington loam 

Colts Neck sandy loam 

Colts Neck loam 

Croton silt loam 

Dunellen sandy loam 

Elkton silt loam 

Gloucester loam 

Hagerstown silt loam 

Keyport sandy loam 

Keyport loam 

Lakewood sand 

Lansdale gravelly loam 

Lansdale silt loam 

Merrimac sandy loam 

Penn shale loam 

Penn silt loam 

Portsmouth sandy loam 

Sassafras sandy loam 

Shrewsbury sandy loam 

Shrewsbury loam 

St. Johns sand 

Washington loam 

Wethersfield gravelly loam 

Woodstown sandy loam 

Woodstown loam 

DDT was intimately mixed with each 
soil at the rate equivalent to 25 pounds 
per acre. The volume of soil in an acre to 
a depth of 3 inches, 10,890 cubic feet, was 
used as a basis for these tests. From the 
time of application of DDT in October 
until March these soils were in trays in 
the laboratory for testing the reaction of 
larvae and during the remainder of the 
year they were exposed in pots to weather- 
ing in the field. 


Into each treated soil and into un- 
treated portions of each soil 150 third- 
instar larvae were introduced immediately 
after the treatment was applied and at 
intervals during the next 5 years. Larvae 
were introduced 19 times into these soils, 
a total of 57,000 being used in the tests. 
During the tests the soils were maintained 
at a temperature of 80° F. The numbers 
of dead and living larvae were determined 
at weekly intervals. After adjustment of 
mortalities for the death rate in the un- 
treated soil, the number of weeks required 
for each treated soil to kill 98 per cent of 
the larvae was determined. There was no 
significant change in the rate of insecti- 
cidal action during a year, other than that 
caused by the differences in the suscepti- 
bility of different batches of larvae. 

The average time required to kill 98 per 
cent of the third-instar larvae in all the 
soils was 4.04 weeks during the first year, 
3.75 weeks the second year, 4.38 weeks 
the third year, 3.80 weeks the fourth year, 
and 5.17 weeks the fifth year. The varia- 
tions in the velocity of insecticidal action 
during the first 4 years were slight. The 
reduction of 22 per cent during the fifth 
year suggests that the effectiveness of the 
treatment had begun to decrease. 

In an experiment to determine whether 
the origin of the soils had any influence on 
the effectiveness of DDT, the different 
types of soil were grouped according to 
their physiographic provinces, and the 
average time to kill 98 per cent of the lar- 
vae was determined for the soils in each 
province. The relative velocities of insecti- 
cidal action compared with the average 
time of 4.04 weeks for all the soils during 
the first year are presented in table 1. 
Although there was considerable variation 
in the speed of insecticidal action in soils 
of different origin, there was nothing to 
indicate that origin was an important con- 
tributing factor. 

Some of the soils have developed under 
conditions of good drainage. In these soils, 


1 The writer acknowledges the assistance of his associates at 
the Japanese Beetle Laboratory, Moorestown, N. J., especially 
Arthur C. Mason and Warren W. Maines, in carrying out this 
investigation. 
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Table 1.—Relative velocity and persistence of insecticidal action of DDT against Japanese beetle 
larvae. [Index numbers with base 100 equal to 4.04 weeks. | 








Ist 
Factor YEAR 


Physiographic province: 
Glacial 95 
Glacial Lake and River Terrace 89 
Appalachian Mountain 120 
Limestone Valley 136 
Piedmont Plateau 107 
Coastal Plain 96 

Soil drainage 
Nonagricultural soils: 

Well drained 
Poorly drained 
Agricultural soils: 
Well drained 107 
Poorly drained 84 
Soil texture: 
Sands 145 
Gravelly and shale loams 103 
Sandy loams 87 
Loams 106 
Silt loams 103 
Average of all soils 100 


168 
127 


5TH 
YEAR 


4TH 
YEAR 


38RD 
YEAR 


2ND 
YEAR 


118 105 116 80 
114 98 97 68 
108 96 102 72 
121 91 106 78 
113 98 109 77 
104 87 98 


152 
136 


176 
133 


133 
154 


118 103 113 
88 71 $2 


151 143 144 
112 100 109 
102 87 92 
103 87 98 
112 92 109 
108 92 106 





Differences required for significance are 12 at the 5 per cent level and 16 at the 1 per cent level. 


which are also well-aerated, there is no 
interruption of the oxidation processes, 
and leaching and alluviation are impor- 
tant factors. The minerals are in various 
stages of oxidation, denitrification is inhib- 
ited, and there is a tendency for nitrates 
to accumulate. Usually these soils contain 
little organic matter. Other soils have de- 
veloped under conditions of inadequate or 
poor drainage and so they are water- 
logged for varying periods. In these soils 
the oxidation processes are repressed, 
leaching and alluviation are not impor- 
tant factors, and the restricted supply of 
air favors the accumulation of organic 
matter and the loss of nitrogen. 

In an experiment to determine whether 
the conditions under which a soil had de- 
veloped affected the insecticidal action of 
DDT, the soils were grouped according 
to their natural drainage, and the average 
relative velocity of insecticidal action was 
determined for each group, as shown in 
the table. The results indicate that the 
velocity of insecticidal action is inhibited 
in poorly drained, inadequately aerated 
soils, both agricultural and non-agricul- 
tural. In the non-agricultural soils the 
velocity was higher than in the agricul- 
tural soils and there was little change in 
velocity during the 5 years; in the agric- 
cultural soils there was a definite decrease 


during the fifth year. The retardation in 
the poorly drained soils is probably associ- 
ated with their higher content of organic 
matter, and under natural conditions the 
high content of water would be a further 
inhibiting factor. The larvae tend to move 
less extensively in a medium rich in or- 
ganic matter than in one made up largely 
of mineral aggregates, and a longer period 
is required to kill them. 

As the surface of the soil particles deter- 
mines to some extent the degree of absorp- 
tion, a fine-grained soil may be expected 
to be more absorptive than a coarse- 
grained soil. Since silt, clay, and humus 
are highly absorptive, the texture of the 
soil might have an important effect on 
the insecticidal action of DDT. Sands 
contain less than 20 per cent of silt and 
clay, and sandy loams 20 to 50 per cent. 
Loams contain 20 per cent or less of clay 
and 30 to 50 per cent of silt; silt loams 
contain 20 per cent or less of clay and 50 
per cent or more of silt. The test soils 
were arranged in groups according to tex- 
ture, and the average relative velocity of 
insecticidal action was determined for 
each group. The results are summarized 
in the table. Insecticidal action was 50 per 
cent faster in the sands than the general 
average for all the soils, and the velocity 
did not change significantly during 5 
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years. In the gravelly and shale loams, 
sandy loams, loams, and silt loams the 
rates were not significantly different from 
the general average. In these soils the rate 
decreased during the fifth year. 

It is known that different series of soils 
vary considerably in their composition. 
Some series are thoroughly leached and 
alluviated, and tend to be deficient in 
plant nutrients; other soils are relatively 
rich in one or more constituents. In a 
complex mixture such as soil it is difficult 
to discern the effect of a single constituent. 
However, in the thoroughly leached soils 
98 per cent mortality of Japanese beetle 
grubs was obtained with DDT in 2.4 
weeks during the first year after applica- 
tion, and there was no indication of any 
significant change in the effectiveness of 
the DDT during the subsequent 5 years. 
In soils rich in minerals the average time 
required for DDT to kill Japanese beetle 
larvae was 1.5 times that needed to kill 
them in the thoroughly leached soils. 
There was little change in the rate of 
insecticidal action during the first 4 years, 
but in the fifth year there was a marked 
decrease. It appears likely that the mineral 
constituents of the soils had some role in 
inhibiting the insecticidal action of DDT. 

Fietp Tests.—Field plots of estab- 
lished turf were treated with DDT at the 
rate of 25 pounds per acre at Totawa, N. 
J., in 1944; at Blowing Rock, N. C., in 
1945; at Blairstown, N. J., New London, 
Conn., and Northampton, Mass., in 1946; 
at Blairstown, N. J., Orange and New 
London, Conn., in 1947; and at Moores- 
town, N. J., in 1948. In general the results 
obtained at the various localities are fol- 
lowing very closely those obtained with 
the oldest plots at Totawa, N. J. At this 
locality two plots, each about 0.75 acre, 
were treated in May 1944, the material 


being applied to the surface as a dust. 
Within 4 weeks there was a reduction of 
36 per cent in the 1943-44 brood of larvae. 
The treatment has eliminated practically 
all the subsequent broods to date, causing 
by mid-September a reduction of 89.5 per 
cent in the 1944-45 brood, 99.0 per cent 
in the 1945-46 brood, 99.8 per cent in the 
1946-47 brood, 99.3 per cent in the 1947— 
48 brood, and 96.8 per cent in the 1948-49 
brood. There is thus no evidence that the 
effectiveness of the treatment has de- 
creased significantly in established turf 
during a period of 5 years. 

SumMary.—The effectiveness and per- 
sistence of a treatment with DDT at the 
rate of 25 pounds per acre in controlling 
larvae of the Japanese beetle was studied 
in the laboratory with 28 types of soil 
from New Jersey and in plots in the field. 

When the treatment was applied in the 
spring, it caused a substantial reduction 
in the larval population and practically 
eliminated subsequent broods by mid- 
September. 

In the field no significant change in the 
effectiveness of the treatment was noted 
in 5 years, but in the laboratory there was 
a marked decrease in the velocity of in- 
secticidal action in some of the soils dur- 
ing the fifth year. 

The velocity of insecticidal action was 
not affected by the origin of the soil. How- 
ever, it was retarded in poorly drained, 
inadequately aerated soils. The velocity 
was 50 per cent faster in sands than in 
gravelly loams, shale loams, sandy loams, 
loams, and silt loams. In the sands it 
showed no significant change in 5 years, 
but in soils of other texture there was a 
reduction in the rate during the fifth year. 

DDT appears to be as permanent as 
lead arsenate for control of larvae of the 
Japanese beetle in soil. 
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Longevity of Parathion, DDT and Dichlorodipheny! 
Dichloroethane Residues on Field 
ous Vegetable Crops' 


J. M. Ginsspure, R.S 


. Fiumer and J. P. Reep, New Jersey Agricultural 


Expe riment Station, New Brunswick, N. J. 


Parathion, an ester of thiophosphoric 
acid, SP (OC ‘eH; )o C.H,ONOs, has proved 

be a very effective insecticide on a 
wide range of insect pests, including 
aphids and red spider mites. However, it 
was also found highly poisonous to man 
and higher animals: Lehman (1948), 
Townsend,? and Webster (1949). If the 
necessary precautions, recommended by 
the manufacturer, are not followed, its 
use may prove very hazardous to com- 
mercial processors and spray operators, as 
it was tragically demonstrated during the 
last season when several acute human 
poisonings, some of them fatal, occurred. 
There are also indications that under cer- 
tain conditions it may be translocated 
into plant tissue as a result of soil treat- 
ment: Questal & Connin (1947) Grange 
et al. (1949) and Starnes.’ 

On account of this health hazard, the 
farmer, the public and officials responsible 
for the processing and recommendation of 
parathion insecticides are keenly inter- 
ested in establishing the amount of resi- 
dues remaining on various food crops from 
commercial spray and dust applications. 
Fortunately, results from several investi- 
gators thus far published indicate that 
parathion rapidly disappears from plant 
residues, either by volatilization or by de- 
compostion: Ginsburg et al. (1949); Mit- 
chell et al. (1949); and King et al. (1949). 

Although, considerable knowledge has 
accumulated during the last three years 
concerning spray residues on crops treated 
with DDT and its analog dichlorodi- 
pheny!] dichloroethane as shown by Wilson 
et al. (1946); Carter (1948); Smith & 
Fullmer (1948); Nelson & Woodward 
(1948); Ginsburg et al. (1949), further in- 
formation is necessary on the possible ac- 
cumulation of these toxicants under dif- 
ferent climatic conditions and methods of 
application. The results reported in this 
paper are from experiments conducted 
during the 1949 season with the pur- 
pose of obtaining more information on 
residues and translocation of parathion, 
DDT, and dichlorodiphenyl dichloro- 
ethane. 


EXPERIMENTAL.—The crops studied in- 
clude alfalfa, corn, onions, scallions, peas, 
potatoes and turnips. The insecticides 
were applied by Filmer and Reed for prac- 
tical insect control on commercial farms 
and in experimental plots. The chemical 
analyses were made by Ginsburg and 
Sweet.‘On some crops, analyses were made 
soon after application of the insecticide 
and again at harvest. Other crops were 
analyzed only at harvest. The insecticides 
were tested as sprays containing 0.125, 
0.25 to 0.5 pound parathion per acre and 
as dusts centaining 0. 5% and 1°% para- 
thion, 394 DDT and 5% TDE. The dusts 
were applied by hand or power dusters 
usually at the rate of about 45 Ibs. per 
acre. The sprays were applied by power 
sprayers. 

EXTRACTION OF PLANT MATERIAL. 
For residue analyses, about 1 pound of 
fresh plant material was extracted with 
500 to 1000 ml. of benzene, depending 
on the bulkiness of the sample, by shaking 
for about an hour. The solvent was then 
filtered, decolorized when necessary, and 
200 ml. aliquots were analyzed for the 
toxicant. The decolorizing mixture’ con- 
sisted of the following ingredients: 10 gm. 
anhydrous sodium sulfate, 5 gm. attapul- 
gus clay, 5 gm. filter cell, and 2 gm. 
nuchar. In testing for translocation of the 
toxicants, all possible precautions were 
taken to eliminate surface residues before 
extraction of the interior of the plant tis- 
sue. The plant material was freed of soil 
and other impurities; dipped in benzene 
or wiped with cheesecloth wet with ben- 
zene (depending on the nature of the 
plant); washed with distilled water and 
wiped with cloth. Potatoes, onions and 
turnips were peeled before extraction. 
About a pound of the washed plant ma- 
terial was macerated in a Waring-blendor 
with 500 to 1000 ml. benzene to a homo- 
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geneous pulp and shaken for about an 
hour. The solvent was then filtered, de- 
colorized if necessary, and several aliquots 
of 200 ml. were used for analysis. ‘The 
potatoes and onions caused emulsifica- 
tion of the solvent and centrifuging was 
required before filtering. 

CuemicaL ANALYsES.—The colorimet- 
ric method developed by Averell and Nor- 
ris (1948) was employed for determining 
parathion. For analyzing DDT and its an- 
alog the colorimetric method worked out 
by Schechter (1945) and medified by Wich- 
man et al. (1946) was followed. Duplicate 
aliquots from each extract were analyzed. 
In many instances two or more samples 
were extracted, giving averages of several 
determinations for one treatment. The re- 
sults are calculated in ppm of green 
weight. With each harvest, check plants 
taken from untreated plots were also ana- 
lyzed. Blanks, consisting of the reagents 
only were used with each series of analyses 
in order to eliminate possible impurities 
from the calculations. The rainfall during 
periods from insecticide application to 
harvest was figured from records of official 
stations of the U.S. Weather Bureau, situ- 
ated at, or near, the areas where the crops 
were grown. 

Resutts.—The results of the chemical 
analyses, composition of the insecticides, 
dates of treatment and harvest, plant 
varieties and accumulated rainfall are 
given in tables 1 to 7 inclusive. 

ParatHion Restpues.—Alfalfa.—One 
crop dusted with 0.5 per cent parathion 
on May 12 showed no residue at harvest 
on June 6, after 1.8 inches of rainfall. 
Another crop dusted heavily on June 29 
with 1 per cent parathion analyzed 47.2 
ppm soon after application and 0.32 ppm 
on July 5 under 0.1 inch of rainfall. 
This indicates a reduction of approxi- 
mately 99.3 per cent parathion within 7 


Table 1.—Residues recovered from alfalfa, 
dusted with parathion. 








Para- 
TREATMENT THION Har- Rain ReEsIDUE 
AND Date APPLIED VESTED’ INCHES PPM 
0.5% 5/12 6/6 1.8 0.00 
1% (heavy 
application) 6/29 6/29 none $7.20 
1% (heavy 
application) 6/29 7/5 0.1 0.32 
check none 6/29 none 0.00 





days between application and harvest. 
(Table 1). 

Pea Vines.—No parathion was detected 
on crops dusted with 0.25 0.5 and 1 per 
cent parathion or sprayed with 0.125 and 
0.25 lb. parathion per acre when harvested 
19 days after application. However, when 
sprayed with 0.5 lb. of toxicant per acre, 
0.1 ppm parathion was recovered at har- 
vest (Table 2). The accumulative rainfall 
during this period was 2.48 inches. 


Table 2.—Residues recovered from pea vines 
treated with parathion (Alaska variety). 








PARATHION Rain, Restpve 
TREATMENT Apputieo Harvesteo INcuES P 

Dust 

0.25% 5/17 6/6 2.48 0.0 

0.50° 5/17 6/6 2.48 0.0 

1.00% 5/17 6/6 2.48 0.0 
Spray 

2 ounces/acre 5/17 6/6 2.48 0.0 

4 ounces/acre 5/17 6/6 2.48 0.0 

8 ounces/acre 5/17 6/6 2.48 0.1 

check none 6/6 2.48 0.0 





Corn.—No_ parathion was _ recovered 
from plants treated once with 1 per cent 
dust on August 3 and harvested August 
15 under rainfall of 1.5 inches. Likewise, 
corn harvested from a soil treated with 10 
Ibs. parathion per acre showed no toxicant 
in the residue. Another crop which had 
received 5 applications of 1 per cent dust 
during the month of June and harvested 
July 12, about 11 days after the last ap- 
plication (Table 3) contained 0.1 ppm 
parathion, under 0.93 inches of rain. 


Table 3.—Residues recovered from corn plants 
treated with parathion (Marcross 13-6). 








Para- Rest- 
THION Har- Rain DUE 
TREATMENTS AppLiep vesteD INcHES PPM 


6/11) 
6/16 
1% dusted five times 6/21> 7/12 0.93 0.10 
6/26 
7/1 } 
check none 7/12 0.93 0.01 
1% dusted once 8/3 8/12 1.5 0.0 
Grown in soil treated with 
10 Ibs. /acre 4/25 6/29 3.96 0.0 





Onions and Scalions—One crop of 
onions dusted twice with 1 per cent para- 
thion on June 20 and 30, analyzed 0.9 ppm 
soon after the second application and only 
0.03 ppm at harvest, 6 days later. The 
rainfall from the last dusting to harvest 
was 0.43 inch. (Table 4). The loss of 
parathion on this crop was about 98.5 per 
cent. Another crop dusted once with 1 per 
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cent on June 20, showed no parathion in 
the residue when harvested 10 days later, 
although no rain fell during this period. 
Seallions dusted with 1 per cent on June 
24 and again on July 5 showed an initial 
deposit after the second application of 9.4 
ppm parathion, but none at harvest on 
July 20, under rainfall of 2.52 inches. 


Table 4.—Residues recovered from onion and 
scallion plants treated with parathion. 








Para- 
THION 
APPLIED 


ResIpUE 
PPM 


Rain 
INCHES 


Har- 
VESTED 


‘TREATMENTS 
(Dvusts) 
1% dust once 6/20 6/30 none 
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Table 6.—DDT and dichlorodipheny] dichloro- 
ethane recovered from corn plants (Marcross 
13-6) and kernels. 








1% dust twice 


1% dust twice 


check 


1% dust twice 


6/20 | 


6/30) 6/20 


6/20\ 
6/305 


none 


3/24 


none 


0.438 


0.438 


win tf 5 none 
7/5 


1% dust twice 6/24 
7.5 


; 
} 


check plot none none 





Turnips.—Samples from two crops 
dusted with 1 per cent parathion were 
analyzed. One crop was dusted once on 
September 1, while the second crop was 
dusted September 1 and again September 
10. Both crops were harvested October 24. 
The accumulated rainfall was 4.48 inches. 
In each case the residues showed a trace 
of parathion, whereas plants from the 
check plot showed none (Table 5). 


Table 5.—Residues recovered from turnips, 
(Purple Top Globe), treated with parathion. 








Resi- 
RAIN DUE 
INCHES PPM 


Har- 


VESTED 


PARATHION 
APPLIED 


TREATMENTS 
(Dusts) 
1% once 9/1 10/24 4.48 Trace 

9/1 \ 

9/10) 


ree 
wice 7 
1% twic Trace 


10/24 4.48 


check plot none 10/24 4.48 0.0 





Restpurgs or DDT anp TDE on Corn. 

One crop dusted five times with 3 per 
cent DDT (Table 6) showed 13.1 ppm 
DDT when harvested July 18, 12 days 
after the last application. Another crop 
dusted five times during the same period 
with 5 per cent TDE, analyzed 272. ppm 
of the toxicant at harvest time (Table 6) 
The rainfall from first dusting to harvest 
was only 0.99 inch. These results are 
significant and corroborate our observae 
tions reported from experiments cone 
ducted during 1948 (Ginsburg et ai. 1949) 


Resipue 
PPM 


Har- 


VESTED 


Rain 
INcuEs 


TREATMENTS 
(Dusts) APPLIED 


8% DDT 6/11) 

5 times 6 5 | 
6/21; 
6/26 
7/1 


6/11) 
6/16) 
6/21} 
6/26 
7/1 





7/13 0.99 13.1-DDT 


5% TDE 
5 times 


7/13 0.99 20.3-TDE 


none 0.99 3.8-DDT 


check 7/13 





namely, that in the absence of sufficient 
rainfall, large amounts of DDT residues 
may remain on corn plants at harvest It 
should be noted here that plants from the 
check plot also showed a. significant 
amount of DDT in the residue (3.9 ppm). 
This may be explained by the fact that all 
the plets were but four rows wide and the 
chec.. were alternated with the treated 
plots in the latin square arrangement. 
With such narrow plots it was practically 
impossible to avoid some drifting of the 
dust into the checks. It should also be 
noted that during the time the five appli- 
cations were made, the rainfall was at a 
very low level 

TRANSLOCATION OF ‘ToxICANTs.—A 
comparison of the findings in table 7 re- 
veals, with one exception, no transloca- 
tion of parathion from dusts, sprays or 
soil treatments in the following plants. 
Onions were dusted three times with 1 
per cent parathion; peas dusted with 0.25 
to 0.5 to 1 per cent or sprayed with 0.125 
to 0.25 lbs. parathion per acre; turnips 
dusted with 1 per cent parathion; corn 
stalks, corn kernels and potato tubers 
grown in soil treated with 10 Ibs. of para- 
thion per acre. 

The exception referred to was in corn 
kernels from plants dusted five times dur- 
ing June and July with 1 per cent para- 
thion. The amount of toxicant found, 
however, was negligible, only 0.03 ppm, 
which may well be within the experimen- 
tal error. No translocation of either DDT 
or TDE was found in. corn kernels from 
crops dusted five times with the toxicants. 

SUMMARY AND ConcLusions.—Chemi- 
cal analyses of parathion, DDT and di- 
chlorodipheny] dichloroethane were made 
on field and vegetable crops treated with 
insecticides to ascertain the amount of 
toxicant residues remaining on plants at 
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Table 7.—Translocation of toxicants in crops treated with insecticides. 








TREATMENTS 


APPLIED 


RESIDUE 
PPM 


Rain 


HARVESTED INCHES 





Onions 


Peas (Alaska) 


Peas (Alaska) 
Peas (Alaska) 


Peas (Alaska) 
Peas (Alaska) 


Turnips 
(Purple Top Globe) 


Corn 
(F-4 hybrid) 


Corn stalks 


Potato tubers 


(Kathadin) 


Corn Kernels 
(Marcross 13-6) 


Corn Kernels 


Parathion 
1% dusted 3 times 


0.25% dust 
0.50% dust 
1.0 % dust 
Sprays 
0.25 lbs./acre 
0.50 lbs./acre 
1% dusted twice 
Soil treated with 10 


Ibs. per acre 


Soil treated with 10 
Ibs. per acre 


Soil treated with 10 
Ibs. per acre 


1% dusted 5 times 


check plot 


Parathion 
6/20) 
6/30 > 95 0.0 


7/9 | 
48 


2.48 
48 


48 
48 


6/11) 
6/16) 
6/21} 
6/26 | 
ah | 


none 


(Marcross 13-6) 


DDT 
Corn Kernels 3% dusted 5 times 


(Marcross 13-6) 


TDE 
Corn Kernels 5% dusted 5 times 


(Marcross 13-6) 


Corn Kernels check plot 


(Marcross 13-6) 


none 7/13 





harvest time and their possible transloca- 
tion or absorption into edible plant tis- 
sues. The plants were grown in experi- 
mental plots and on commercial farms. 
The insecticides were applied as dusts and 
sprays for practical insect control. Plant 
samples were collected before and during 
harvest and extracted with benzene. The 
solvent was evaporated and the residues 
were analyzed for the toxicants by color- 
imetric methods. 


Residues were analyzed on the follow- 
ing crops: Alfalfa, corn plants, onions, pea 
vines, scallions, and turnips. Transloca- 
tion analyses were made on shelled peas, 
corn stalks and kernels, potato tubers and 
turnips. The results presented in seven 
tables. The results brought out the follow- 
ing information. 

Virtually no parathion residues were re- 
covered on crops harvested 12 or more 
days after the last application of 0.5 per 
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cent to 1 per cent dusts or sprays contain- 
ing 0.125 to 0.25 lbs. per acre. However, 
pea vines sprayed with 0.5 lb. parathion 
per acre showed 0.1 ppm of the toxicant 
at harvest, 19 days after spraying. 

Corn dusted five times with 3 per cent 
DDT and harvested 13 days after the 
last application contained 13.1 ppm of 
DDT. Similarly, corn dusted five times 
with 5 per cent TDE analyzed 20.3 ppm 
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The mealybug Pseudococcus maritimus 
(Ehrhorn) infests pears grown in the 
Santa Clara valley of California, and al- 
though it is not a pest of major concern 
to the pear industry it has at times caused 
a reduction in the grade of fruit destined 
for the fresh fruit market. 

This mealybug on pears overwinters in 
the loose cottony egg masses which are 
found in protected locations such as 
cracks, pruning scars, or under bark. Dur- 
ing a normal winter a large percentage of 
the eggs hatch, and the crawlers remain 


mination of DDT as spray residue on fresh fruit. Jour. Assoc. Official Agr. Chem., 29(2): 188. 


Biological Control Measures Applied Against 
Pseudococcus maritimus on Pears 
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alive but inactive in the parental egg 
mass. These crawlers have been found to 
begin migrating from the egg masses as 
early as February if the temperature be- 
comes favorable. Apparently there is no 
diapause, and activity and development 
are proportional to the mean temperature. 
A very few old gravid females from the 
previous generation may survive the win- 
ter but these are found only in orchards 
that have experienced a heavy mealybug 
infestation during the summer. 

The immature mealybugs begin feeding 
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as the pear buds swell and may be found 
beneath the bud scales in the early spring. 
The mealybugs of this first generation 
reach maturity and begin ovipositing 
about the last of June or early July. Dur- 
ing the summer months an overlapping of 
all stages occurs, but the second and nu- 
merically largest generation of mealybugs 
matures late in October or early in No- 
vember. This mealybug on pear, therefore, 
exhibits a typical holodynamic annual 
cycle of two generations without the in- 
tervention of a diapause. 

The harvesting of Bartlett pears occurs 
soon after the first mealybug generation 
begins to mature. Since the population 
density of mealybugs is not relatively high 
at this time the Bartlett crop is seldom 
affected by this insect. The late varieties, 
such as the Winter Nelis, are more apt to 
suffer, either from discoloration caused by 
the sooty mold or from actual infestations 
of meatyougs in the calyx ends of the 
fruit. 

The mealybug on pear is seldom at- 
tacked by parasitic Hymenoptera, and 
parasitism has been negligible in the com- 
mercial orchards held under surveillance 
for the past three seasons. This is in strik- 
ing contrast to its racial counterpart 
which infests grapes in the San Joaquin 
valley of California, for the grape infesting 
form of P. maritimus is heavily parasitized 
by several species of primary parasites. 

In the pear orchards of the Santa Clara 
valley, the effective natural enemies of 
this mealybug are predators. It is at- 
tacked by the coccinellid, Hyperaspis 
lateralis Mulsant, the brown lace wing, 
Sympherobius californicus Banks, and 
the green lace wing, Chrysopa californica 
Coquillet. Studies conducted in 1947 
showed that C. californica was outstand- 
ing as the dominant enemy in this com- 
plex, and that in the absence of insecticid- 
al sprays it could suppress populations of 
mealybugs and hold them under natural 
control (Doutt 1948). 

Subsequent investigations (Doutt & 
Hagen 1949) disclosed the fact that the 
adult Chrysopa are sensitive to the insecti- 
cides which must be applied to control 
codling moth, the major pest of pears in 
California. The poisoning of the Chrysopa 
females deters oviposition and often re- 
sults in a searcity of Chrysopa eggs and 
larvae in the sprayed orchards. Under 
these conditions the mealybugs can in- 


crease in the absence of an effective nat- 
ural enemy. These same studies showed, 
however, that the larval Chrysopa could 
develop normally even if treated directly 
with the insecticides used for codling moth 
control. Consequently it was felt that 
mealybug control might be achieved by 
artificially supplying the sprayed pear 
trees with Chryospa eggs to overcome the 
deficiency of naturally oviposited eggs. 
For this purpose a technique for the mass 
production of Chrysopa eggs was de- 
veloped (Finney 1948). 

The preliminary field trials on the 
periodic colonization of these insectary 
produced Chrysopa eggs as a mealybug 
control method were made during the 
1948 season. It was found that periodic 
colonizations during the spring and sum- 
mer months substantially reduced the 
mealybug populations (Doutt & Hagen 
1949), but the data suggested that further 
investigations were necessary to deter- 
mine the proper timing and the minimum 
number of eggs required to effect control. 

The field work for 1949 was thus de- 
signed to test the timing and the “dosage” 
of Chrysopa egg colonizations. Coloniza- 
tions were begun on April 15 when petal 
fall was nearly complete and a few natural- 
ly oviposited Chrysopa eggs could be found 
in the orchards. The mealybugs at this 
time were very small, having an average 
body size nearly equal to the volume of a 
Chrysopa egg. Timing was found to be 
more critical than had been suspected, 
and the April 15 colonizations were more 
effective than those of equal dosage ap- 
plied even 2 weeks later. The data also in- 
dicated that a small colonization properly 
timed is more effective than a larger num- 
ber of eggs colonized at a less favorable 
date. However, the data emphasized the 
fact that colonizations begun at the 
proper time and repeated at successive 
periods offered the most effective use of 
this method. 

The number of eggs colonized per tree 
ranged from a minimum of 250 to a maxi- 
mum of 1500. The law of diminishing re- 
turns became operative at a very low 
level. This was not only reflected in the 
recoveries of Chrysopa but also in the ef- 
fect on the mealybugs. The maximum 
efficiency of the colonization procedure is 
thus apparently obtained by utilizing the 
smaller number of eggs and applying them 
to the trees in three successive liberations, 
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Table 1.—The effect of colonized Chrysopa 
eggs in mealybug control. 








Per CENT 
FrvuItTs 
INFESTED 


TorTaL 
EGGS PER 
TREE 


EaoGs 
PER No. CoLo- 
TREE NIZATIONS 
250 250 32 
500 500 35 
1000 1000 40 
250 750 12 
500 : 1500 12 
0 Residual plot from 1948 season 22 
0 check 0 68 
0 check 0 58 
0 check 0 65 





(Table 1). This practice extends the effec- 
tive feeding time of the Chrysopa larvae, 
and it is of utmost importance that this 
feeding period should coincide with the 
presence on the trees of the immature 
mealybugs of the first generation. 

Two methods of applying the eggs to 
the trees were tested. The method em- 
ployed in most of the plots was to scatter 
the loose Chrysopa eggs along the lateral 
branches where they lodged in crevices in 
the bark or in pruning sears. This was a 
slow procedure, requiring about 3 minutes 
per tree, but tests showed that a method 
equally effective and far more rapid and 
practical was to pour the entire quota of 
eggs into the crotch of the tree. The result- 
ing larvae are very active and disperse 
throughout the tree from this focal point. 

A phenomenon which might be termed 
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the residual effect of Chrysopa coloniza- 
tion has been noted each season in plots 
where, during the previous year, the 
mealybugs have been suppressed by these 
predators. Such plots remain relatively 
free of mealybugs for two years without 
receiving Chrysopa colonizations after the 
first season, (Table 1). This residual effect 
is of immense importance for it suggests 
that a biennial treatment with Chrysopa 
is sufficient to maintain control of mealy- 
bugs. 

SumMAry.—The dominant natural ene- 
my of the mealybug, Pseudococcus mari- 
timus (Ehrhorn), occurring on pears in the 

Santa Clara valley of California is the 
green lace wing, Chrysopa californica 
Coquillett. Eggs of Chrysopa were artifi- 
cially supplied to sprayed orchards to over- 
come a deficiency of naturally oviposited 
eggs. The resulting larvae were not in- 
hibited by sprays for codling moth and 
fed actively on the mealybug populations. 
The timing of these egg colonizations was 
found to be very important, and it was 
found that a small colonization of 250 
eggs per tree made at the proper time and 
repeated at two successive periods gave 
the most effective results. Such repeated 
colonizations were better than a larger 
total number of eggs applied in a single 
colonization. Plots in which the mealy- 
bugs have been suppressed by Chrysopa 
result in a low population of the pest for 
2 years. 
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Mass-culturing Chrysopa californica to Obtain 


Eggs for Field Distribution 


GLENN L. Finney, Division of Biological Control, University of California, Albany 


The techniques and equipment em- 
ployed in the initial, exploratory work on 
the insectary rearing of Chrysopa have 
been described in a previous article (Fin- 
ney 1948). Through the modification of 
those methods and the development of 
new techniques and equipment, the out- 
put of eggs has reached actual mass-pro- 
duction proportions. Hundreds of thou- 
sands of eggs may now be produced eco- 
nomically and harvested in the insectary 
each day. 

There has been no change in the design 
of the larval culture unit and oviposition 
unit, nor has there been found a more 
favorable host material than the eggs and 
full grown larvae of the potato tuber 
moth, Gnorimoschema operculella (Zeller). 

ControL OF MicrosporipiANn Dis- 
EASES.—The stock of potato tuber moth 
at the Albany insectary has, in the past, 
been afflicted with severe infections of the 
protozoan Nosema destructor (Steinhaus & 
Hughes). This microsporidian disease has 
apparently been eradicated through the 
application of a modification of a tech- 
nique developed and described by Allen 
& Brunson. 

The treatment as used at Albany is as 
follows: 

A water bath in a deep, insulated 
reservoir is heated to 119° F. The heating 
element is shut off, and, with an occasional 
stirring to prevent stratification, the tem- 
perature is allowed to drop to 117° F, 
The egg-covered cloth sheets are given a 
20-minute immersion in this bath, then 
removed and dried. This treatment kills 
the spores of Nosema destructor, but does 
not impair the viability of the moth eggs. 
For the treatment to be most effective 
the eggs should be processed when not 
over 24 hours old. 

According to Steinhaus & Hughes, the 
spores of Nosema destructor, which are 
dust-borne, lose viability in dry state be- 
tween 38 and 168 days. It is, therefore, 
imperative that the treatment should be 
maintained as long as there exists a threat 
of reinfection from this source. 

The treatment has been employed at 
Albany for more than a year. Although 
it has been discontinued for several 


months, routine periodic checks have re- 
vealed no evidence of recurrent infection. 
In order to save time and labor, the treat- 
ment was used for 20-day periods after 
20-day intervals instead of being applied 
continuously. 

The pathogenic protozoan, Plistophora 
californica (Steinhaus & Hughes) was not 
destroyed by the treatment as was Nose- 
ma. The spores of Plistophora could be 
killed only at temperatures also damaging 
to the viability of the moth eggs. The 
presence of an abundance of spores in 
the host material seemed to do no particu- 
lar harm to the tuber moth stock. The 
effects of Plistophora on the adult Chryso- 
pa in the oviposition units, however, was 
most serious. Their life span was consider- 
ably shortened and egg production severe- 
ly lowered. The Plistophora spores in the 
host material given the Chrysopa larvae 
can be killed by immersing the eggs and 
also the host larvae for 5 minutes in a 
water bath heated to 135° F. The non- 
viable eggs proved to be more suitable as 
food than those in which the embryo was 
developing, hence this processing would be 
recommended even though Plistophora 
were not involved. 

Larval Cutrure.—The number of 
Chrysopa eggs used as stock in the larval 
culture units has been raised to 1100. The 
egg population on the host egg-sheet has 
not been changed. The placing of a plain 
cloth sheet directly on the first egg-sheet 
has been discontinued. The initial sheet 
is uncovered inside the closed unit until 
the second egg-sheet is introduced 3 days 
later. Three days after the second egg- 
sheet is used, 40 grams of processed host- 
larvae are scattered between the egg- 
sheets. Two days later 30 grams more are 
used, and after 2 more days a final feed- 
ing of 40 grams of host-larvae is given 
the almost fully grown Chrysopa larvae. 

HANDLING OF THE Cocoons.—Five 
days after the final larval feeding, the 
Chrysopa larvae have completed cocoon- 
ing. The sheets are removed from the 
culture unit and are suspended vertically 
over a large hopper. All the cocoons and 
debris on the sheets are brushed into a 
cylindrical screen basket with a trap-bot- 
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tom (Martin & Finney 1946). This materi- 
al is immersed for 20 seconds in a bath 
made up of one part sodium hypochlorite 
(21 per cent) to 30 parts water. This bath 
dissolves the loose, clinging, outside fila- 
ments of the cocoons. 

The basket is then dipped half way into 
a bath of isopropyl alcohol diluted with 
water to a specific gravity of 0.92. The 
trap-bottom is then dropped, permitting 
all the material to sink away from the 
floating cocoons. The bottom is drawn 
shut and the trapped cocoons are removed 
and dried on a cloth drying-frame. They 
are then ready to be placed in an emer- 
gence unit inside the pre-oviposition box. 

The emergence unit is simply a recep- 
tacle within which the adults emerging 
from their cocoons can quickly find a 
vertical plane on which they ascend to 
inflate their wings. It consists of a paper- 
lined, 1-gallon cylindrical food container 
divided by cardboard strips into 4 equal 
compartments which reach almost to the 
top. The cocoons are apportioned equally 
to each compartment. The unit is then 
placed upon the floor of the preoviposition 
box where it is left until emergence has 
been completed. 

Tue Preovirosition Box.—The pre- 
oviposition box is a modified sleeve cage 
similar to that pictured by Peterson 1944, 
plate 15. It is a box constructed of 5-ply 
plywood 30 inches long and 17 inches 
wide. The top is made of glass and slants 
downward toward the front. The back 
side is 21.25 inches high with the top- 
half covered with light weight bleached 
muslin. The front side is 16.25 inches high, 
with two 6-inch holes cut near each end. 
The holes are fitted with cloth sleeves 
about 15 inches long gathered at the ends 
with an elastic band. A snugly-fitted door 
about 10 inches square is built into the 
center between the arm-holes. 

FEEDING THE ADULTs.—Honeydew ex- 
creted by the common citrus mealybug, 
Pseudococcus citri (Risso), is no longer 
used in the feeding of adult Chryospa. A 
protein hydrolysate of yeast! has been 
substituted as an ovipositional stimulant 
(Hagen 1949). 

This light tan powder is dissolved in 
water to the consistency of moderately 
thin paint and brushed evenly onto sheets 
of brown waxed paper. Upon drying, the 
protein hydrolysate solution resolves into 
gumming streaks easily available to the 
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adult Chrysopa. 

This solution was also applied to the 
waxed paper sheets in droplet form. In 
feeding and oviposition tests it was found 
that both feeding and egg deposition were 
reduced. The droplets became much more 
hardened than the streaks and tended to 
flake off. Apparently it was somewhat less 
attractive to the adult Chrysopa. 

One great advantage of the hydrolysate 
over honeydew is the fact that the volume 
and distribution of the deposit on the 
food sheets may easily be contiolled. The 
excretion of the honeydew was often 
sparse and uneven, which condition made 
adequate and consistent distribution of 
food in the units impossible. This situa- 
tion contributed to a reduced volume as 
well as an erratic production of eggs. 

The stock of mealybugs formerly used 
to produce honeydew has now been dis- 
carded with a consequent saving in labor 
and material. 

Honey is still used and comprises the 
major portion of the diet. In the preovi- 
position box four sheets, each 6X20 
inches in dimension, are used; two bearing 
honey droplets and two the hydrolysate 
deposits. In the oviposition unit honey 
and the hydrolysate are introduced upon 
a common 4 by 5 inch sheet. Honey is 
added to the sheet after the hydrolysate 
deposit has dried. The sheet is creased 
vertically down the center so as to provide 
space for oviposition on the lining behind 


The food sheets in the preoviposition 
box should never be allowed to become 
exhausted. Fresh sheets should be pro- 
vided when the food nears depletion. 
However, the food sheet in the oviposition 
units should be checked and maintained 
daily. As a rule, honey must be added to 
the hydrolysate sheet daily. This sheet is 
replaced with a new one on each alternate 
day. Egg production over a period of | 
month increased as much as 50 per cent 
in units where the sheets were replenished 
with honey daily rather than on alternate 
days. 

The pre-oviposition period was 10 days 
when honeydew was used. This was re- 
duced by 4 days through the use of the 
protein hydrolysate. 

Water-soaked cotton pads should be 
provided in both the pre-oviposition box 


1 Marvin R. Thompson, Inc., Stamford, Conn. 
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and the oviposition units. This free water 
is apparently quite necessary for obtain- 
ing a high production of eggs. If the pad 
is withdrawn the adults will live but a 
very few days. 

A test was run to determine whether 
or not direct access to water is essential 
for maximum oviposition. The water- 
soaked cotton pad 1 inch in diameter was 
screened off in two oviposition units so 
that the adults could not feed directly 
from the pad. Two units without screens 
were used as checks. All four units were 
alike in other respects. 

The oviposition record of the oviposi- 
tion in these four units over a 24-day peri- 
od made it evident that egg production is 
influenced by the availability of direct- 
access water. The two units with the pad 
screened produced 33,820 eggs. The two 
with the pad unscreened produced 50,750 
eggs. 

Mortality in the screened units was 3 
to 4 per cent less than in the unscreened 
units probably due to the more sanitary 
conditions in the former. 

The following are typical egg-produc- 
tion patterns induced by honeydew and 
protein hydrolysate over a period of 1 
month: 

Protein Hy- 
Honeydew drolysate 

2275 810 

2450 2960 

2200 3050 

1675 2960 

1705 2750 

1425 1775 

1125 2165 
999 1900 
700 2090 
750 1950 
655 1600 
540 1350 
260 1065 
250 1000 
100 820 
120 850 


Day 


17 ,220 


29,195 


The larvae and adults of Chrysopa are, 
in nature, nocturnal and solitary in habit. 
Under crowded, mass-culture conditions, 
especially in the pre-oviposition box, the 
adults are extremely active from dusk to 
dawn. During daylight hours they are al- 
most static. This intense nocturnal activ- 
ity within the group greatly interferes 
with the normal functions of mating and 
feeding. The wings of many individuals 
become stuck on the food sheets and even 
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when freed they are hopelessly handi- 
capped. 

It was found that, when exposed to 
continuous artificial light in a room from 
which all influences of outdoor light are 
excluded, the swarming activity is re- 
duced to a slow, steady movement. Very 
few become trapped on the food sheets 
and the Chrysopa stock is more healthy 
and vigorous. 

HANDLING OF THE Eaas.—Each lining 
bearing the eggs is removed from its unit, 
opened up, folded back to back and cut 
in two at the middle. The sheet has been 
prepunched on the top edge so that these 
two pieces, still back to back, may be 
slipped onto three rods of a specially 
designed holding frame. 

The holding frame is constructed entire- 
ly of bronze welding-rod material. Two 
41-inch rods are each bent to form a 
block “U” with a bottom 7 inches across 
and with sides 17 inches in length. The two 
are laid on their sides on a vertical plane 
parallel to, and opposite each other, 8.5 
inches apart. These are fastened together 
by brazing-in six 8.5 inch rods as cross- 
bars at the following points: one midway 
along the 7-inch bottoms of the “U’s” 
and two joining each end of the bottoms 
at the angles formed by the junction of 
the sides, the fourth joining the free ends 
of the lower sides and the remaining two 
at points dividing the lower sides into 
thirds. The upper sides are left free. A 
rod 17 inches long is brazed onto the mid- 
dle of the top crossbar so that it extends 
parallel with and on the same plane as the 
two upper sides. 

On the cross-bar at the end of the lower 
sides a gate is constructed made of welding 
rod material. It is hinged in such a way 
that, when raised, it engages and clamps 
onto the ends of the three upper rods. 

With the gate swung down, 13 pairs of 
the half-linings are threaded onto the 
three upper rods. Sections of copper tub- 
ing 0.625 inch long act as spacers between 
the tubes of each pair. The gate is then 
raised and clamped rigidly into place, 
holding the row of sheets and spacers 
tightly together. 

The group of sheets is immersed in a 
bath made up of one part sodium hypo- 
chlorite (21 per cent) to 30 parts water 
heated to 24° C. The sheets are held in 
the bath for 4 seconds, held out of the 
bath for 16 seconds, then immediately 
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sprayed with water from a flat sprinkler- 
head. The eggs with their stalks dissolved 
are washed free from the sheets into a 
metal trough leading into a catch basin 
over a sink. The holding frame is placed 
in the trough during the 16-second period. 
A porcelain container should be used to 
hold the sodium hypochlorite bath. The 
solution may be used many times before 
being discarded. 

The catch basin resembles a large, 
round, shallow, screen strainer, 15 inches 
in diameter with the depression of the 
screen at its lowest point about 3 inches 
lower than the rim. A sheet of white 
muslin 18 inches square is laid inside the 
screen. This cloth is used to catch the 
eggs. The screen serves only as a support 
for the cloth and to model the bottom of 
the basin into the shape desired. 

The cloth with its catch of eggs is re- 
moved and laid on a cloth drying frame 
in a gentle breeze from a fan. When dry, 
the sheet is inverted over the open end of 
a metal cylinder, 15 inches in diameter 
and 15 inches high, resting upright on a 
sheet of kraft wrapping paper. The eggs 
are shaken from the sheet, through the 
cylinder and onto the paper by grasping 
the cloth by each side, letting it sag slight- 
ly and then snapping it taut. The cylinder 
is removed. The paper is picked up by 
each side, inclined forward, and vibrated 
slightly so that the eggs will roll down 
and be funneled into a petri dish. This 
operation when properly done tends to 
allow the eggs to roll down, leaving be- 
hind any debris which may have been in- 
cluded among them. 
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The eggs may now be accurately mea- 
sured by volume into small units such as 
shell vials and transported to the field 
for distribution. 

Summary.—Chrysopa californica may 
now be economically mass-cultured and 
their eggs produced in quantity in the 
insectary. Treatments have been de- 
veloped whereby the spores of Nosema 
destructor have been virtually eradicated 
from the host stocks of Gnorimoschema 
operculella and the spores of Plistophora 
californica are destroyed in the food 
material actually fed the Chrysopa larvae. 

A change of time intervals between 
host-food introductions has substantially 
increased the production of cocoons per 
culture unit. Through the use of a bath 
of sodium hypochlorite and one of alcohol, 
the cocoons may be swiftly separated from 
the host material and debris of the culture 
unit. 

There has been achieved a marked in- 
crease in egg production by using in the 
diet of adult Chrysopa a protein hydroly- 
sate of yeast instead of honeydew ex- 
creted by Pseudococcus citri. 

The intense nocturnal swarming, as well 
as the daytime inactivity, of the adults 
has been changed to a calm steady move- 
ment by excluding all outside light and 
exposing them to continuous artificial 
light. 

The Chrysopa egg-stalks are dissolved 
in a sodium hypochlorite bath. The freed 
eggs are collected, dried, and measured 
volumetrically in small units suitable for 
field distribution. 
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Fecundity of Chrysopa californica as Affected 
by Synthetic Foods 


KENNETH S. HaGeEn, Division of Biological Control, University of California, Albany 


In the mass culture of Chrysopa cali- 
fornica Coquillett (Finney 1948), the adult 
was supplied with its natural food, the 
honeydew excrement of Pseudococcus citri 
(Risso). The amount of time and work 
involved in preparation of P. citri and 
collecting the honeydew prevented eco- 
nomical production so experiments were 
undertaken for the purpose of obtaining 
a synthetic substitute for honeydew. 

Preliminary tests showed that the con- 
stituent sugars of honeydew did not in- 
fluence egg production, but trial diets con- 
taining proteins had an improving effect 
on fecundity. These tests also indicated 
that different relative humidities affected 
egg production. These initial findings sug- 
gested that emphasis should be placed on 
investigating the protein dietary com- 
ponents. The following is an account of 
the development of an adequate synthetic 
diet for Chrysopa californica. 

MATERIALS AND Metuops.—In rearing 
the immature stages and in handling the 


adult Chrysopa, the methods employed 
were essentially the same as described by 
Finney (1948), the only modification be- 
ing the use of smaller oviposition cages. 
Two oviposition cages were made by cut- 
ting in half a quart-size, cylindrical, 


waxed-cardboard, ice-cream container 
with the bottom removed. The conven- 
tional telescopic lid was used as a remov- 
able bottom for each cage. The top of each 
unit was covered with loosely woven cloth 
held in place by rubber bands. 

When in use these oviposition cages 
were held under the relatively constant 
conditions of 75° F. (72°-77° F. range), 
60 per cent humidity (57-67 per cent 
range), and continuous artificial light. 

To increase the humidity over that of 
the room, a ball of wet cotton about an 
inch in diameter was placed in each cage. 
This added moisture was found to have 
a very pronounced effect on fecundity, for 
in its absence the egg production declined 
60 per cent. 

Direct water consumption was not nec- 
essary in the type of cage utilized. Experi- 
mentally it was found that the food ma- 
terial, due to its highly hygroscopic na- 


ture, absorbed enough water to permit 
efficient egg production and metabolism. 
Perhaps in larger cages where the foods 
are not adjacent to a water source and the 
relative humidity is not higher than 60 
per cent, direct water drinking may be 
necessary. 

Various viscous synthetic foods were 
selected for testing. These were thinly 
smeared on strips of wax paper (2X2.5 
inches). These food units were then at- 
tached to paper lining of the ovipositional 
cages with tape. The food and the wet 
cotton pads were replenished every 48 
hours. The collection and counting of eggs 
was facilitated by the transference of 
Chrysopa to duplicate cages. The transfer 
was aided by anesthetization with carbon 
dioxide. 

The adult females used in the tests were 
fed honey and exposed to males during the 
7-day preoviposition period. Then 10 fe- 
males were placed in each oviposition 
cage. Each trial food was given three 
replications. 

INFLUENCE OF CERTAIN SUGARS AND 
DEXTRIN ON Fecunpity.—Oviposition by 
Chrysopa californica when fed a protein- 
free diet is relatively low. The maximum 
number of eggs deposited over a period of 
21 days by adults fed only honey was 32 
per adult. The majority of these adults 
remained alive long after the cessation of 
oviposition. Apparently the essential nu- 
trients for the development of a few eggs 
was carried over from the larvae. 

Pure honey was used as the control since 
it affects oviposition very little (Finney 
1948). Thus any food that produced a 
significant increase in fecundity over that 
of honey was considered as containing 
ovipositional stimulants. Egg production 
obtained from use of honeydew was con- 
sidered optimum. 

It is well known that the sugars of 
honey consist predominately of levulose 
and dextrose with relatively small a- 
mounts of sucrose (ave. 2.53 per cent). 
Tables by Eckert et al. (1939) showing 
the composition of California floral honeys 
indicate the average amount of dextrin to 
be 0.91 per cent. 
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teinaccous foods over a period of 20 days.! 
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Table 1.—Comparative fecundity and mortality of 30 adult female Chryscpa californica fed pro- 








ToraL Eaes 


Per Cent 





Foop CONCENTRATION Laip Morta.ity 

Honey (Check) Matenal state 494 26.7 
Honeydew and honey separate Natural state 4212 23.3 
Honeydew alone Natural state 2869 $3.3 
Beef extract and honey 5 cc. of 20% in iv ec. honey 803 20.0 
2Compound A and honey 5 cc. of 20% in 10 cc. honey 1770 16.7 
2Compound B and honey 5 ce. of 20% in 10 ec. honey 1294 13.3 
“MRT” and honey 5 ce. of 20% in 10 ec. honey 3061 10.0 
Egg albumin and honey 5 ce. of natural state in 10 ce. 

honey 1572 10.0 





1 One unit of food was supplied each cage. The honeydew used was excreted by Pseudococcus citri feeding on potatoes. 
2 Commercial substances high in amino acid content used ordinarily as dietary supplements by humans when intake and digestion 


of protein is inadequate or impaired. 


Analyses of coccid and aphid honeydews 
by various investigators show the com- 
position of sugars to be about 25 per cent 
invert sugar, 55 per cent sucrose and 20 
per cent dextrin. 

The differences in sugar content be- 
tween honey and honeydew led to a series 
of tests to determine the influence of the 
component sugars, alone and in combi- 
nation with each other as well as mixed 
with honey, on the oviposition of Chrysopa. 

Resutts.—The results were clear-cut. 
The sugars and dextrin in combination 
and alone failed to supply the nutritional 
factors essential to egg production. The 
limited oviposition response which oc- 
curred was similar to that obtained under 
the pure honey diet, and did not approach 
the fecundity resulting from a diet of 
honeydew. Thus it was concluded that 
levulose, destrose, sucrose, and dextrin 
have no marked effect on the fecundity 
of Chrysopa californica. Upon dissecting 
the adults fed only honey, it was found 


that ovisorption apparently had taken 
place, indicating a protein need. 

INFLUENCE OF PROTEINS ON FECUND- 
1ry.—It was noted that several workers 
had reported from 3 to 5 per cent protein 
in various honeydews. Consequently since 
the sugar content in honeydew was found 
to have negligible influence on the fecun- 
dity of Chrysopa californica, various syn- 
thetic foods high in protein content were 
tested. It is well known that protein in- 

take during adult life is required for egg 
production in many insects. 

The foods selected, the concentrations 
used, and the results obtained are pre- 
sented in table 1 

The data in table 2 show that all the 
foods stimulated egg production more 
than the non-protein honey, the most 
promising synthetic food being “MRT.” 

The marked differences in fecundity 
and longevity between the several syn- 
thetic foods required an analysis of vari- 
ations in the nutrient content of the foods. 


Table 2.—Comparative effects of different food concentrations on longevity and oviposition of fe- 


male Chrysopa californica.' 








Tora Ecos, 


Mortauity Days 
Tota Ecés, - —— 


Foop CONCENTRATION 46 Ds AYS 68 Dare 46 68 
Honey alone Natur: r state 960 960 16% 70% 
Honeydew and 

honey separate? Natural state 18,490 19,968 26% 60% 
Honeydew alone Natural state 16 , 657 23% — 
“MRT” plus honey 5 ce. of 20% in 

honey 4,794 — 13% aa 
“MRT” plus honey 10 cc. of 80% in 
10 cc. honey 6,648 -- 138% es 
“MRT” and honey 
separate 40% “MRT” 18 ,325 21,467 20% 36% 





1 Each test was initiated with 30 adult females. 


2 The variability of the distribution of honeydew on the wax paper upon which the honeydew is excreted made 


of varying sizes of paper in order to furnish ample food. 


necessary the use 
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“MRT”! is a freely soluble enzymatic 
hydrolysate of primary grown brewer’s 
type nutritional yeast containing free 
amino acids, polypeptides, and all factors 
of the vitamin B complex found in yeast. 
The total protein (N 6.25) in “MRT” is 
70 per cent with 60 per cent amino of total 
nitrogen. Using “MRT” as the criterion, 
the foods vary as follows: Compound A 
is a compound of autolytic hydrolysate of 
primary yeast, non-fat milk solids and 
dried, defatted whole liver with added 
iron, and is equal to “MRT” in vitamin 
units but lower in total protein (49 per 
cent) and in amino of total nitrogen (45.5 
per cent). Egg albumin is low in the amino 
acids threonine, histidine, tryptophane, 
and glycine as compared to “MRT” and 
Compound A, and is lower in total nitro- 
gen. Compound B is a combination of 
whole milk and separated milk. It contains 
41 per cent lactalbumin-casein, 35 per 
cent natural protein sparing carbohy- 
drates and 7.6 per cent minerals. 

The Compound B material was ap- 
parently unattractive to Chrysopa and 
little feeding on this substance occurred. 
The beef extract nearly doubled the egg 
production over that of honey, but was 
the least effective protein tried. 

It was noted that the ovipositional 
response of Chrysopa did not occur until 
at least 3 days had elapsed after the inges- 
tion of an effective protein. 

Foop CONCENTRATION EXPERIMENTS. 

‘The concentration of “MRT” utilized 
in the previous experiment was 5 cc. of a 
20 per cent “MRT” solution mixed with 
10 ce. of honey. This particular concentra- 
tion of “MRT” stimulated Chrysopa fe- 
cundity to a level about equal to the egg 
production obtained from honeydew feed- 
ing. However, further experiments were 
designed to find a more effective concen- 
tration. 

The technique for testing the various 
concentrations was similar to that de- 
scribed earlier in the paper for the testing 
of various foods. However, two units of 
food were placed in each cage in these 
concentration tests. 

The data collected on fecundity and 
longevity as a result of Chrysopa caltfor- 
nica feeding on the various food concen- 
trations are presented in table 2. Each con- 
centration was replicated three times us- 
ing 10 adult females in each cage. 

The data exhibited in table 2 indicate 
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that “MRT” not only influences the fe- 
cundity of Chrysopa californica but also 
the longevity. The most effective con- 
centration of “MRT” consisted of a 40 
per cent solution (2 grams of “MRT” 
mixed with 5 ce. of distilled water). Honey 
was also part of the diet but was provided 
on a separate slip of paper apart from the 
“MRT” within the oviposition unit. 
Figure 1 shows the relative influence of 
honey, honeydew, and “MRT” diets on 
fecundity as plotted against time. In this 
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Fic. 1.—Fitted straight lines to show trend of ovi- 

position of Chrysopa californica exposed to three dif- 

ferent diets. The various points represent the mean 

number of eggs deposited per individual female 
every 2 days. 


experiment the insects were fed honey for 
6 days after emergence and were then 
exposed to the new foods. The egg counts 
were begun on the eighth day after emer- 
gence. The mean number of eggs deposited 
per living female was plotted over 68 days 
at 2 day intervals. In comparison with 
honeydew the “MRT” diet produced a 
consistently higher level of fecundity, and 
shortened the preoviposition period. Thus 
“MRT” can be considered an adequate 
synthetic diet and a substitute for the 
nearly optimal Pseudococcus critri honey- 
dew diet. 

All the females used in the experiment 
were allowed to mate only during the ini- 


1 Protein Hydrolysate—MRT. Marvin R. Thompson, Inc., 
Stamford, Connecticut. 
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tial preoviposition period. It was found 
that Chrysopa californica deposits only a 
few infertile eggs indicating that oviposi- 
tion might have been greater over the 
length of the experiment had males been 
continually present. 

The ovipositional response to synthetic 
foods by other species of Chrysopa ap- 
parently depends upon the type of adult 
feeding. Feeding by adults of many Chry- 
sopa species have been reported as limited 
to the control of their hosts. Other species 
are indirect host feeders, feeding on the 
exertions of the host. 

Chrysopa majuscula Banks is an exam- 
ple of the former type, feeding naturally 
on aphids. When this species was exposed 
to the “MRT” and honey diet very little 
or no feeding occurred, and as a result 
no eggs were oviposited. C. californica is 
an example of an indirect host feeder, and 
as already shown, high fecundity resulted 
from the “MRT” synthetic diet. 

Smith (1922) lists the following Chryso- 
pa as direct host feeders in the adult 
stage; C. oculata Say, C. nigricornis Bur- 
meister, C. rufilabris Burm., C. quadri- 
punctata Burm., and C. chi Fitch. Since 
these species eat their hosts, it might be 
concluded that synthetic fluid diets would 
not be attractive. Smith (1922) states, 
“C. plorabunda Fitch, C. Harrisit Fitch, 
C. lineaticornis Fitch, and Allochrysa 
virginica (Fitch) were never observed to 
devour live aphids, though they fed freely 
upon fluids of crushed aphids, weak sugar 
water and plain water.” Since these latter 
species are probably honeydew feeders in 
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their natural environment, it is possible 
that these species would consume the 
“MRT” diet and would respond oviposi- 
tionally. Interestingly enough, C. plora- 
bunda, C. harrivsti, and C. californica are 
closely related taxonomically and are as- 
signed to the Plorabunda section of the 
genus. 

SuMMARY.—Fecundity of Chrysopa cali- 
fornica is not influenced by feeding on 
levulose, dextrose, and sucrose directly. 
Ovisorption occurred in adults fed only 
on honey indicating a protein need. Dex- 
trin also did not have any direct influence 
on fecundity. 

Synthetic fluid foods containing various 
proteins markedly increased fecundity. 
The most effective artificial food was 
found to be a 40 per cent solution of a 
protein hydrolysate of yeast sold com- 
mercially under the trade name “MRT” 
which not only produced a higher level 
of fecundity compared to the natural 
source of protein found in the honeydew 
excreted by Pseudococcus citri reared on 
potatoes, but also increased longevity. 

Chrysopa majuscula Banks failed to re- 
spond ovipositionally when presented 
with “MRT°”’, for this species feeds on the 
host itself and it feeds little if any on the 
fluid artificial food. 

Water drinking by Chrysopa californica 
evidently is not necessary when the adult 
Chrysopa are kept under high humidities. 
The hygroscopic action of the synthetic 
foods at high humidities provides ample 
water for the normal longevity and ovi- 
position of Chrysopa californica. 
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and Plant Quarantine was transferred December 1, 
1949, into the office of the Division of Cereal and 
Forage Insect Investigations, Washington, D. C., to 
assist C. M. Packard, leader of the division, and W. 
A, Baker, assistant leader. Mr. Vance has been as- 
sociated with Bureau research on the European corn 
borer for more than 20 years and was in charge of a 
field substation at West Lafayette, Indiana, from 
1942 to 1949, where he coordinated the project on 
resistance of corn to the corn borer. 
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SCIENTIFIC NOTES 


Laboratory Tests with House Flies and 
House Fly Larvae Resistant to DDT 


Davip PIMENTEL and J. E. Dewey, Cornell 
University, Ithaca, New York 


The development of resistance to DDT by house 
flies, Musca domestica L., has been reported by sev- 
eral workers who have found resistant strains in the 
field or developed them in the laboratory. Similar 
field observations in New York led us to undertake 
a series of laboratory studies in the fall of 1948 to 
investigate the resistance of house flies to DDT and 
other insecticides. 

One strain of flies tested was collected from the 
field. The other strain had been laboratory reared 
for several generations. Some 44,000 flies in all were 
exposed to residues of seven insecticides. The ma- 
terials tested, in order of decreasing effectiveness to 
the non-resistant flies, were dieldrin, gamma isomer 
of benzene hexachloride, aldrin, DDT, chlordane, 
methoxychlor, and emulsifiable pyrenone. Dieldrin, 
gamma isomer of benzene hexachloride, and aldrin 
were found to be effective at much lower concentra- 
tions than the other compounds tested. The field flies 
were found to be seven times more resistant to DDT 
than the laboratory flies on the basis of LD-50 with 
the technique used. The field strain showed a possi- 
ble slight resistance to methoxychlor. There was no 
detectable difference in the reaction of the two 
strains to dieldrin, gamma benzene hexachloride, 
aldrin, chlordane and emulsifiable pyrenone al- 
though the level of DDT resistance was not as high 
as in some cases reported by others. Another culture 
of the same field collected flies lost their resistance 
to DDT when they were not exposed for 10 genera- 
tions, 

After the resistance of the adult field collected 
flies to DDT had been established, a series of tests 
were made comparing the effectiveness of DDT to 
the larvae of both field and laboratory strains. A 
solution containing 10 mgms. of technical DDT dis- 
solved in 40 ml. of acetone was thoroughly mixed 
with 37.5 gms. of a mixture consisting of 8 parts of 
wheat bran and 5 parts of rolled oats. After the 
acetone had evaporated, 1 gm. of yeast, 1 gm. of 
malt, and 60.5 mls. of water were added to the mix- 
ture of DDT and dry larval medium. This medium 
was placed in stender dishes and 3-day old larvae 
introduced. Ten larvae were used in each treatment 
and the tests were replicated 8 times. Mortality 
counts were made after 72 hours. 

The larvae of the laboratory strain showed an 84 
per cent mortality after the exposure, whereas the 
larvae of the field strain (adults known to be re- 
sistant) showed a 46 per cent mortality. This differ- 
ence was found statistically significant and indi- 
cates that larvae as well as adults of the field col- 
lected flies may be resistant to DDT. 


The Toxicology of Antimycin A‘ 


StaNteY D. Beck, University of Wisconsin, 
Madison 
The antibiotic antimycin A, discovered recently 
at the University of Wisconsin by Leben & Keitt 
1948) and isolated by Dunshee et al. (1949), has 


sagen for publication by the director of the Wisconsin 
\gricultural Experiment Station. 


proved to have insecticidal possibilities for at least a 
few species of insects and mites.” In view of the possi- 
bility of its future development as an insecticide, a 
preliminary study has been made on the toxic action 
of this substance toward certain insects. 

Materia AND Metuops.s—The antibiotic was 
employed as an emulsion in the physiological saline 
of Yeager (1939) or as a solution in corn oil. The 
emulsion was prepared by dissolving 100 mg. of pure 
antimycin A in 1 ml. acetone and adding it to 50 ml. 
of the physiological saline to which one drop of 
emulsifiert had been added. The emulsion was then 
diluted to 100 milliliters with physiological saline. 
Control saline was made in the same way, except no 
antimycin A was added. Corn oil solutions contain- 
ing 1 mg. antimycin A per milliliter were easily pre- 
pared by warming the corn oil slightly. Controls of 
pure corn oil which had been similarly warmed were 
also used. 

The test insects were German cockroaches and 
American cockroach nymphs. In experiments in 
which antimycin A was fed, the antibiotic was 
mixed with the food at the rate of 1 mg/g. of diet. In 
experiments in which the antibiotic was injected, 
injection was accomplished by the use of a micro- 
injector of the type used by March & Metcalf (1949). 
The roaches were injected through the metacoxae, 
as the use of this injection site minimized bleeding 
and internal injury. Respiration studies were con- 
ducted with a micro-respirometer as described by 
Scholander (1942). The respirometers were held in a 
water bath maintained at 32° C. Following injection 
with antimycin A or control emulsions, the roaches 
were placed in the respiratory chambers and lowered 
into the waterbath. A 10-minute equilibration period 
was necessary before any readings of oxygen con- 
sumption could be made, hence the oxygen con- 
sumption of the roaches immediately following treat- 
ment could not be traced. In the respiration studies, 
emulsions were used. In cardiac studies, the action 
of the heart was followed by focusing a strong light 
on the dorsum of the roach and observing the heart 
action at a magnification of 30 diameters. In the 
cardiac studies, corn oil solutions were used. 

Resutts—Experiments in which Antimycin A 
was fed to German and American cockroaches 
yielded negative results. No toxic effects were ob- 
served, even though the insects were on the anti- 
mycin A diet 2 weeks or longer. 

Antimycin A injected into the body cavity of 
roaches proved to be toxic. Three or more micro- 
grams per gram of body weight usually proved fatal 
within 24 hours. Doses below 3 micrograms per gram 
were sub-lethal and the insects recovered. As might 
be expected, emulsions of antimycin A in saline were 
more rapid in their action than were the corn oil 
solutions. “Knock down” of roaches given 10 micro- 
grams per gram of body weight usually occurred 
within 30 minutes when an emulsion was employed, 
but several hours were required when corn oil solu- 
tions were used. Control emulsions and oil solutions 
were without effect. 

The symptoms of antimycin A poisoning in the 
roaches were found to be quite different from those 
observed with the organic insecticides such as DDT, 
parathion, etc. No tremors or muscular hyperac- 


2 Unpublished data by Kido. 

8 The antimycin A used in this study was supplied by Pro- 
fessor F. M. Strong and coworkers of the Biochemistry Depart 
ment of the University of Wisconsin. 

4 Triton X100 manufactured by Rohm and Haas Co. 
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Table 1.—The effect of antimycin A on the heart action of an American cockroach nymph, at a 
dosage of 10 micrograms per gram of body weight. 














ContTroL (Corn O1Lt ONLY) TREATED (Corn Orn Pius Antimycin A) 
Time Heart Rate Amplitude | Time Heart Rate Amplitude 
(min.) (beats /min.) (min.) (beats/min.) 
0 (injected) 0 (injected) 
2 136 normal 1 136 normal 
5 155 normal | 4 150 normal 
10 167 normal | 8 150 subnormal 
15 136 normal | 10 167 } normal 
30 125 normal 12 160 just visible 
45 136 normal | 13 0 none 
tivity were observed; the insect became progres- antimycin A. Oxygen consumption of roaches re- 


sively more sluggish until no effort was made to ceiving sub-lethal doses of antimycin A was not de- 
right itself when it was inverted (taken as “knock termined. 


down’’), and eventually the insect died. Antimycin The sequence of symptoms of Antimycin A 
A was found to have an inhibiting action on the _ poisoning observed in the cockroach was approxi- 
dorsal vessel, or heart. Following injection of anti- mately as follows: (1) depression of oxygen con- 
mycin A in corn oil, the heart action became pro- sumption; (2) cessation of heart beat; (3) sluggish- 
gressively weaker until it stopped. The rate of pulsa- _ ness leading to “knock down”; and (4) death several 
tion usually did not decline, but the amplitude of — hours later. 

the beat declined rapidly, and the vessel stopped in Discussion.—Ahmad and coworkers observed 


diastole. Table 1 shows a typical record. Sublethal that antimycin A inhibited the oxygen uptake of 
doses resulted in cardiac failure, but recovery was yeast cell suspensions and rat liver homogenates. 
usually complete in about 48 hours. Tobias & They also found that the depression of oxygen up- 
Kollros (1946) found DDT had no action on the _ take was caused, at least in part, by inhibition of the 
insect heart; the heart continued to beat fora day or — succinoxidase system, Ahmad et al. (1949). The 
two after the insect was down, Experiments in this writer’s observations on the effect of antimycin A 
laboratory have indicated that parathion also has on cockroaches can be explained by the hypothesis 
no effect on the roach heart. that the antibiotic inhibited either the succinoxidase 
Measurement of oxygen consumption of nymphs system or some other essential step in the oxidative 
of the American roach and adults of the German metabolic cycle. The muscles of the dorsal vessel 
roach have shown that antimycin A is a strong normally are constantly active and, therefore, 
respiratory inhibitor. The oxygen consumption of doubtlessly have a high oxygen requirement and are 
Antimycin A treated American cockroach nymphs _ the site of great metabolic activity. An inhibitor of 
is presented in figure 1. This figure shows the record — the metabolic cycle should inhibit these muscles 
for only about 2 hours. Oxygen consumption did not more readily than would be the case with less active 
stop entirely for many hours following injection of | muscles. Inhibition of the oxidative cycle may 
readily explain the depression of oxygen consump- 

















_ . 7 i tion by the poisoned insects. The insects’ becoming 
progressively more sluggish might also be explained 
on the basis of a failure of the metabolic cycle. 
300- i SummMary.—Antimycin A was found to be with- 
out observable toxic effect when administered per os 
to German cockroaches and American cockroach 
[ 250F 4 nymphs. 
2 When injected into the body cavity of roaches as 
. corn oil solutions or emulsions in saline, Antimycin 
> eal. J A was found to have a high toxicity. 
: The injection of Antimycin A resulted in a de- 
6 : pression of oxygen consumption, cardiac failure, 
3 —— sluggishness, and death. _ 
ihe | oy The symptoms are consistent with the hypothesis 
~ <r* that Antimycin A inhibits the succinoxidase system 
“ a or some other essential step in the oxidative meta- 
< 100r 1 bolic cycle. 
° 
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Larvae of Hoplia oregona on 
Strawberries 


Lesuie M. Smita and W. Harry Lance, Jr. 
University of California, Davis 


On March 21, 1949, the writers received specimens 
of scarabaeid larvae reportedly doing severe damage 
to the roots of Marshall strawberries near Modesto. 
Larvae were reared in the laboratory on the roots of 
sprouting corn and wheat. Adults obtained thus were 
identified by Mr. H. H. Keifer as Hoplia oregona 
Lec. 

The patch was examined on March 30 and the 
report of damage was confirmed. The land was very 
sandy, and had not been properly graded before 
planting so that high and low spots occurred. Be- 
cause of improper soil moisture in these spots, the 
plants had made poor growth. Hoplia larvae were 
abundant in both high and low spots but did not 
occur on plants which were properly watered and 
had made vigorous growth. In the infested spots the 
larvae varied from 5 to 16 per plant. They were 
generally at a depth of 1 to 2.5 inches. An occasional 
larva could be found at 4 inches, but none below that 
depth. 

The larvae preferred to feed on the new, succulent, 
white roots and ate these up to 1 inch of the surface 
soil. When such roots were not available they fed on 
the bark of old brown roots, and ate to the stele. In 
many instances the plants were killed outright, al- 
though the majority of plants were alive, but weak- 
ened, dwarfed, and unproductive. 

In the vicinity of the infested strawberry patch, 
typical emergence holes were found in a field of 
alfalfa and in a field of rye. In these fields, the 
density of the population was much less than in the 
strawberries. Dr. E. M. Stafford! reported rearing 
larvae from roots of rose. 

Emergence of adults in the field occurred during 
the first 2 weeks of May. 

Control of the larvae was attempted by injecting 
commercial ethylene dibromide, 10 per cent by vol- 
ume in naphtha thinner, into the soil at the rate of 
2 ce. per hole, holes 12 inches apart, staggered in two 
rows, one along each side of the raised strawberry 
bed. Two days after treatment there was no mor- 
tality but at the end of 7 days no live larvae could be 
found in the treated area, Sixteen days after treat- 
ment no visible symptoms appeared on the plants as 
a result of chemical injury. 


1 Unpublished notes. 
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Termite Treatment with Aqueous 
Solution of Chlordane 
V. E. Suetrorp, Urbana, Illinois 


The second tests of the soil from within 0.5 to2 inches 
from the wall of an Urbana residence (Shelford, 1949) 
were repeated November 1 to 8, 1949, a year after 
the first tests. Samples of soil were taken from 8 to 4, 
5 to 6, and 7 to 8 inches. The same size vials (22 cc.) 
and same amount of soil (4 cc.) were used and six ter- 
mites were inserted in each vial and a label strip of 
manila paper added. There was a check with sandy 
garden soil for each of the series of three locations. As 
was the case in 1948, most of the termites showed in- 
dications of paralysis in from 2 to 3 hours. Since a de- 
cline in toxicity was expected, observations were 
made in much greater detail than in the first test. It 
was found that where paralysis was delayed, the ter- 
mites had aggregated on the label and were not in 
contact with the soil. In one case the inside label was 
removed to cause them to make contact. By the end 
of 24 hours after clear indications of paralysis began, 
there was an essentially complete cessation of move- 
ments of the body, and the termites were apparently 
dead. In the 1948 test they were not examined with 
a lens. The statement that they died in about 24 
hours (Shelford, 1949) was evidently not correct. 
Because of moisture, the interior of the vials very 
quickly becomes soiled. On close examination with 
a lens in 1949, it was found that there were twitches 
of the appendages for at least 4 or 5 days after a 
complete body paralysis. Meanwhile, the check ter- 
mites were active and in good condition, except that 
three individuals became fastened to the glass by 
moisture as a result of rotating the vials in making 
observations. This rotation apparently caused some 
injury in one or two cases. 

In so far as this rough method can be used to dis- 
tinguish, there appeared to be no difference in the 
toxicity of the soil in 1948 and in 1949. Furthermore, 
there was no difference between samples from a 3 
inch and an 8 inch depth, or in correlation with the 
amount of the aqueous solution injected, which 
varied from point to point. There will probably come 
a time when the toxicity will fall below the optimum 
for paralysis in a minimum of time and then it 
should be possible to note differences from place to 
place and from depth to depth. In order to detect 
differences, it is quite evident that a new method of 
observation is required. It seems probable that small 
stender dishes with ground glass covers may be 
usable with inside labels omitted. 

Early in the summer of 1948 an attempt was made 
to repeat the tests with different kinds of wood. A 
piece of cherry tree trunk and a piece of Ailanthus 
trunk were placed in an area on the University of 
Illinois campus where the 1947-48 experiments were 
made. Within a few days both pieces of wood had an 
abundance of termites beneath them, but in No- 
vember when the other tests were made, the cherry 
was almost completely destroyed and the Ailanthus 
was abandoned and intact. A Forsythia twig from 
the year before remained only very slightly dam- 
aged so that no significant conclusions can be drawn. 

The old cherry tree which was treated with 0.25 of 
1 per cent aqueous chlordan was removed almost 
exactly 2 years after the treatment. This is a tree 
from which the 500 cc. of carpenter ants emerged. At 
the time the tree was removed there were no ants, 
termites or other animals of any sort in the hollowed 
interior of the tree trunk. Another test will be made 
in 1950. 
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Colonization of Anopheles albimanus 
from the Florida Keys’ 


Rosert W. Burcess,? Columbia, S. C. 


Anopheles albimanus Wiedemann, considered to be 
the most important vector of malaria in the Carib- 
bean Region (Komp, 1942), has recently been found 
in significant numbers in the Florida Keys.’ In order 
to determine its comparative susceptibility to vari- 
ous strains of malaria and to make ecological studies, 
the Florida Keys’ strain of A. albimanus has been 
colonized at this laboratory. 

The methods used in colonizing this species were 
similar to those used for Anopheles quadrimaculatus. 
Attempts to colonize these mosquitoes during the 
spring and summer of 1947 failed. During April, 
May, and June of 1948, a total of 429 live larvae 
were received. These produced 229 pupae from which 
a colony was successfully established. The produc- 
tion of pupae has increased steadily until over 10,000 
per month are now being obtained. In December, 
1948, a sub-colony was established at our Milledge- 
ville, Georgia, laboratory. 

Previously, Rozeboom (1936) colonized Anopheles 
albimanus in Panama. A sub-colony of this Pana- 
manian albimanus is being maintained at this labo- 
ratory for comparative studies. It has been desig- 
nated as the A-2 strain. 

The present report appears to be the first instance 
of the colonization of Anopheles albimanus indige- 
nous to the United States. This colony has been 
designated as the A-3 strain of A. albimanus. It lends 
itself very readily to laboratory rearing. 

REFERENCES 
Komp, W. H. W. 1942. The anopheline mosqui- 
toes of the Caribbean Region. Nat. Inst. 
Health Bul. 179. 
Rozeboom, L. E. 1936. The rearing of Anopheles 
albimanus Wiedemann in the laboratory. 


Am. Jour. Trop. Med. 16(4): 471-8. 


The Efficiency of Several New Insecti- 
cides for the Control of Hymenia 
fascialis on Fall Spinach 


D. FE. Greenwoop and R. N. Hormaster, Virginia 
Truck Experiment Station, Norfolk 


The Hawaiian beet webworm, Hymenia fascialis 
Cramer, is sometimes a serious pest on early planted 
fall spinach and in such instances the recommended 
control practice has been the application of 35 to 40 
pounds of a dust containing 0.2 per cent pyrethrins 


1 Laboratory of Tropical Diseases, National Institutes of 
Health, U. S. Public Health Service, P.O. Box 717, Columbia, 
a. 


2 Appreciation is expressed to Mr. D. C. Thurman, Jr., Com- 
municable Disease Center Activities, USPHS, Jacksonville, 
Fla., who suggested that colonization be attempted and offered 
to send specimens from Florida, and to Mr. J. S. Haeger and 
Mr. Fred Miller, who aided in collecting and sending the larvae. 

* Deed C. Thurman, personal communication. 
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while the plants are dry (Walker & Anderson 1939), 
Conditions were somewhat abnormal during the fall 
of 1949 in that all spinach plantings in the Norfolk 
area of Virginia were infested, regardless of the 
planting date. This afforded an opportunity to study 
several of the newer insecticides in relation to web- 
worm control and though these data were obtained 
by applying the insecticides to a field of spinach 
planted in single rows, in contrast to the 5-row beds 
of commercial practice, they do indicate their rela- 
tive effectiveness. The dusts were applied with a 
self-propelled duster, using two nozzles to a row, at 
approximately 40 to 50 pounds of dust per acre. 
Since the affected larvae soon left their webs and, 
upon falling to the ground, dried up and were blown 
away by wind, the only means available for evaluat- 
ing the insecticides was to sample, from the two 
middle rows of 4-row plots, plants which showed 
serious foliage injury and count the number of living 
larvae remaining after treatment. These data are 
shown in table 1, 


Table 1.—Comparative effectiveness of in- 
secticides against the Hawaiian beet webworm. 








NuMBER Livinc WorMS ON 
INJURED PLANTS AFTER 


24 72 120 


hours hours hours 
TREATMENT (25)8 (10)8 (15)3 
1% Gamma BHC Q 0 
5% DDT 5 0 
1% Parathion 10 0 
2.5% Aldrin 13 0 
1% Dieldrin 73 0 
5% Methoxychlor 17 3 
3% DFDT 6 0 
10% Toxaphene 1 0 
“CPR Dust’? , 12 1 
40% Ryania : 17 9 
Check 128 - 61 





1 Effect of treatment not sufficiently pronounced at this time 
to distinguish affected larvae from normal larvae. 

2 Contains 0.5% piperony] cyclonene, 0.5% pyrethrins, 0.25% 
rotenone. 

3 Number of plants examined. 


With the exception of the botanicals, CPR Dust 
and 40 per cent Ryania, all materials gave highly 
satisfactory control at 72 hours and several gave 
good control in 24 hours. Dieldrin was known to be 
slow in action and due allowance was made for this 
factor. A point of special interest in these data is the 
relatively good showing of the synergized pyrethrum 
and rotenone dust (CPR Dust) and 40 per cent 
Ryania. Although ultimate control is delayed, these 
materials appear to be useful insecticides and could 
be substituted for other insecticides when residues 
become of primary importance. In a 0.5 acre block 
of spinach being grown for seed, a 1.0 per cent 
tetraethyl pyrophosphate dust gave excellent web- 
worm control when applied by rotary hand duster. 
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Counteracting the Effect of Benzene 
Hexachloride on Flavor of 
Potatoes 


NeeELY Turner, Conn. Agr. Expt. Sta., New Haven 


Benzene hexachloride used in soil at the rate of 
2.5 pounds per acre to control wireworms has con- 
tinued to cause off-flavor in potatoes. Methods to 
prevent this effect have been investigated with the 
cooperation of a group of station staff members. The 
preliminary results of tests made in 1949 are being 
published because of the importance of the problem. 

Small-scale field tests of materials suggested by 
the group indicated that at least two materials were 
effective. Activated charcoal at the rate of 1 ton to 
the acre of benzene hexachloride-treated soil re- 
moved the off-flavor of potatoes almost completely. 
Only a few sensitive tasters believed that the “ben- 
zene hexachloride taste”’ persisted. Hydrated lime at 
5 tons per acre was almost as effective. 

Liquid lime-sulfur at the rate of 12.5 and 25 
pounds per acre was at least partially effective. 
However, the lime-sulfur itself affected the flavor of 
potatoes. 

Ferric chloride and alcoholic potash were not effec- 
tive. 

It is obvious that neither activated charcoal nor 
hydrated lime at the rates used is completely practi- 
cal for this purpose. Their effectiveness does indicate 
that practical corrective treatments can be de- 
veloped to remove this persistent insecticide from 
the soil. 


Parathion to Control Bagworms 


J. B. PottvKa, Ohio Agricultural Experiment 
Station, Wooster 


The bagworm, Thyridopteryx ephemeraeformis 
(Haw.), has been a pest on several tree species in 
southern Ohio for many years. It has been especially 
serious on arbor vitae and at times on spruce, Hand 
picking the bags late in the year, or spraying with 
lead arsenate when the larvae first start to feed, has 
been the standard recommended control for years. 
Even when considerable care was taken in hand 
picking and spraying, the control has not always 
been satisfactory. 

During the past summer several arbor vitae trees 
that were located near other experimental spray 
plots were found to contain a large number of bag- 
worm larvae which had seriously defoliated four of 
the trees. On July 27, one tree was sprayed with 
chlordane and another with parathion. Both ma- 
terials were mixed at the rate of 1 pound of actual 
toxicant in 100 gallons of water. A week later, or on 
August 3, when these trees were examined, the tree 
sprayed with chlordane was almost completely de- 
foliated by insect feeding with the larvae still ac- 
tively feeding upon the remaining foliage or upon 
the bark, whereas the tree sprayed with parathion 
was entirely free of living larvae, and the bags were 
easily pulled from the twigs. 

Since the tree had shown no visible damage from 
the application of parathion, six additional trees 
were sprayed with this material on August 3. Two 
trees were left unsprayed. On September 2, one 
hundred bags were examined on the six sprayed trees 
without finding any living larvae while on the un- 
sprayed trees not a single dead larva was found. The 
bags on sprayed trees were easily pulled off and torn 
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open, but on the unsprayed trees it was difficult to 
pull the bags from the twigs and tear them open to 
examine the larvae. Both sprayed and unsprayed 
trees were examined again on October 25. The results 
were the same as those of the previous record. 


Parasitization of Syrphid Larvae and 
Puparia 
James L. Bean, New Haven, Conn. 


On August 25, 1945, a number of syrphid larvae 
were observed feeding on a heavy aphid population 
on the new growth of red pine. These trees formed 
part of a small plantation at Augusta, Maine, and 
were heavily infested with these aphids. 

A collection of these syrphids consisting of 17 
larvae and 25 puparia was made for the purpose of 
rearing the adults. The larvae were reared in a large 
glass jar covered with cheesecloth, and were kept 
supplied daily with fresh aphids. The puparia were 
kept in individual glass vials so that the emerging 
adult could be associated with its pupal case. At no 
time were adult parasites observed in the jar con- 
taining the larvae. Therefore, it must be assumed 
that parasitization of the syrphid larvae occurred 
prior to collecting and probably during the early 
larval stages. 

Four of the 17 larvae died during rearing, one 
completed its development and emerged as an adult, 
the remaining 12 larvae pupated and were found to 
be parasitized. Of the 25 puparia collected one adult 
syrphid emerged, 8 died, and the remaining 16 were 
also found to be parasitized. 

The two adults and 22 of the parasitized puparia 
were determined! as Metasyrphus wiedemanni 
(Johnson). Five more of the parasitized puparia were 
determined as Allograpta obliqua (Say). The remain- 
ing puparium was undetermined, but resembled 
closely that described by Heiss (1938) as Syrphus 
ribesii var. vittafrons Shannon. 

Four known species of parasites, the pteromalid 
Pachyneuron allograptae Ashm., the cynipid Callas- 
pidia provanchert Ashm. and the ichneumonids Di- 
plazon laetatorius (F.) and Syrphoctonus agilis (Cr.), 
were recovered from the parasitized puparia. One 
puparium was parasitized by the undetermined spe- 
cies of Syrphoctonus. All of the known species of 
parasites were reared from the puparia produced by 
the collected larvae as well as from puparia collected 
in the field. The syrphid, Metasyrphus wiedemanni, 
was parasitized by all five species of parasites. The 
incidence of parasitization for this species is as 
follows: 32 per cent of the puparia were parasitized 
by P. allograptae, 32 per cent by C. provancheri, 18 
per cent by D. laetatorius, 13 per cent by S. agilis, 
and 5 per cent by Syrphoctonus sp. The puparia of 
the syrphid Allograpta obliqua were parasitized only 
by the parasite P. allograptae. The parasite C. 
provancheri was reared from the undetermined 
syrphid puparium. 

In summarizing the results of this rearing we find 
that 92 per cent of the syrphid puparia, not including 
those that died, produced parasites. A similar high 
parasitization of syrphid puparia was noted by 
Knight (1944) in his study of the insects of the Palay 


1 The determinations of the syrphids and parasites were made 
by the following specialists at the United States National Mu- 
seum: Syrphidae by C. T. Greene; Cynipidae by L. H. Weld; 
Iehneumonidae by H. K. Townes; and the Pteromalidae by 


A. B. Gahan. 
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rubber vine. The parasite Pachyneuron allograptae 
parasitized 74 per cent of all the Baccha puparia 
collected from the rubber vines, and a less common 
syrphid was never reared because of complete para- 
sitization of all puparia collected by the same species 
of wasp. 

It is indeed unfortunate that insects as beneficial 
as the two syrphids mentioned above should have 
such a high incidence of parasitization by which 
their potential numbers are greatly reduced. 
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Control of Scolytus and Dutch Elm 
Disease by Concentrated DDT Sprays 


GrorceE H. Pump, Connecticut Agr. Expt. 
Sta., New Haven 


The experiments on which this report is based 
were started in the spring of 1948. The primary ob- 
jective was to determine whether or not large elm 
trees in an area of high infection rate could be pro- 
tected by sprays directed against the bark beetle 
vectors of this disease. A secondary objective was the 
exploration of the possibilities of the mist blower for 
this purpose, as hydraulic equipment was being used 
elsewhere. It was originally planned to spray the 
same trees each year for several years. However, it 
has been necessary to terminate the program after 
two season’s work because the New Haven Park De- 
partment has started an elm bark beetle control 
program, and it is impossible to maintain check 
trees. 

A detailed account of the plot arrangements and 
of the first year’s results have been given in a previ- 
ous publication (Dimond et al. 1949). It will perhaps 
suffice to say that there are presently 101 trees in 
each of the spray and check plots. All of these trees 
are located within a radius of several street blocks 
in western New Haven; in a section of the city in 
which the incidence of tree mortality from Dutch 
elm disease has been very high, and is on the in- 
crease. The trees to be sprayed averaged 59 feet in 
height and 26 inches in diameter, with a diameter 
range of from 7 to 40 inches. The check trees aver- 
aged 53 feet in height and 22 inches in diameter, with 
a diameter range of from 6 to 37 inches. 

The mist blower used is a converted vapor duster! 
(Potts & Friend 1946). With the 12-inch diameter 
round outlet employed, the output is approximately 
8400 cubic feet of air per minute, at a velocity of 140 
miles per hour. Four nozzles? gave a total output of 
slightly over 1 gallon per minute. A low output rate 
is best for this type of spraying because of the com- 
paratively light dosage in gallons required per tree. 
A higher output rate is likely to be wasteful, because 
the total amount necessary to treat a tree may 
thereby be dissipated on only a portion of the tree. 

The only insecticide used throughout this experi- 
ment was a DDT emulsion. DDT has been shown to 

Eastern Branch. 


1 Bean Vapo-duster No. 12. 
2 (No. 1/8A2, orifice 0.078 inch) 
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be highly effective against Scolytus multistriatus 
(Scanlon 1949). Industrial grade xylene was the 
solvent and an emulsifying agent’ was used. An emul- 
sion of 12.5 per cent was used as a dormant spray, 
and one of 6.25 per cent as a summer spray when the 
trees were in leaf. 

No criterion was available for gauging the proper 
dosage per tree. Spraying experimental trees in 1947 
with predetermined quantities had failed to prevent 
bark beetle feeding. Therefore, the trees were simply 
sprayed until thoroughly covered, and a record was 
kept of the number of gallons used on each tree. 
Subsequent treatment of the data showed that dos- 
age can be correlated with trunk diameter, but not 
with tree height. This is to be expected, as it is 
known that, in general, crown size of a tree is related 
to its diameter. It is, of course, the small twigs, 
hence crown volume, that must be sprayed in this 
instance. An estimate can now be made of the ap- 
proximate quantity of liquid necessary to treat a 
street-grown tree of a given diameter. The valid part 
of the curve expressing this relationship* does not 
extend below the 10 inch diameter interval because 
there were only three trees below 17 inches. The 
dosage, then, for a 10 inch tree is 1 gallon; and this 
amount is increased by 1 gallon for each additional 
5 inch diameter increment. The mean dosage for all 
trees (dormant spray) in 1948 was 4.2 gallons (or 4.2 
pounds of DDT) per tree. This figure for 1949, for 
the same group of trees, is 4.3 gallons (or pounds of 
DDT) per tree. 

Periodic examinations of the trees were made 
throughout each summer for evidence of disease. The 
final inspection in 1948, made in early September, 
indicated that 3 trees, or 2.9 per cent of the sprayed 
trees; and 21, or 21.0 per cent of the check trees, were 
infected. At the end of August, 1949, 9 trees, or 8.9 
per cent of the trees sprayed; and 39, or 38.6 per cent 
of the check trees, were diseased. These figures are 
accumulative for the 2-year period. It is obvious that 
such a difference is significant. 

During the course of this experiment it was neces- 
sary to eliminate from both plots certain trees which 
were already infected when the work was begun. All 
trees for these plots had been selected while in the 
dormant condition, when no outward signs of infec- 
tion are present except in advanced stages. The fig- 
ures given above are based on corrected total num- 
bers. 

One-half of the trees in the spray plots received 
but one spray, applied while the trees were still 
dormant. The remaining trees were sprayed twice, 
the second spray having been put on during the 
summer just previous to emergence of the second 
brood of bark beetles. Of the nine infected trees 
recorded for the 2-year period, five were sprayed 
only once each and four were sprayed twice each 
year. Thus, it appears that a single dormant spray 
application may be about as effective as two applica- 
tions. Optimum twig coverage can be attained only 
before flowering occurs—therefore spraying should 
be done as close to this time as possible. 

By way of a summary, it may be stated that the 
mist blower type of sprayer, if of adequate power, is 
particularly well adapted for urban shade tree pro- 
tection. Despite certain drawbacks, it is superior to 
the hydraulic sprayer in many respects. In the case 
of elm bark beetle control, involving high dosages of 
actual insecticide per tree, hydraulic sprayers simply 


3 Triton x-100. 
4 Dimond e¢ al., fig. 9, p. 57. 
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cannot be used. There is danger of poisoning of birds 
and animals from puddles resulting from drip and 
run-off. There is danger of damage to other plants 
from the same source, and there is also the problem 
of unavoidable spray deposit on houses covered by 
overhanging branches. The mist blower, if properly 
handled, does not have these undesirable con- 
comitants, and, in addition, can be operated with a 
minimum of traffic disruption. During these experi- 
ments, there have been no incidents of injury to any 
plant; nor has there been the increase in mite popu- 
tion that frequently accompanies hydraulic spraying 
with DDT. 
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Fused Bentonite Sulphur to Prolong 
Horn Fly Protection on Beef Cattle 


Ray L. Curr, National Live Stock Loss Prevention 
Board, Kansas City, Missouri 





One object of our 1949 summer fly control tests 
was to find a way to lengthen the protective periods 
of some of our newer insecticides in order to reduce 
the number of times each fly season that beef cattle 
will have to be gathered up and sprayed. In our tests 
the addition of fused bentonite sulphur! was effective 
as indicated by the following results: 
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All cattle in these tests were pure bred Angus, all 
bred and owned by one breeder and kept on com- 
parable pastures, well separated. From 25 to 30 cows 
with their calves were summered on each pasture. As 
tests with each material with and without the 
“sticker” started the same day, the time, tempera- 
ture, humidity and other weather conditions were 
identical for each material. However, tests on the 
three materials were not started at the same time. 
The addition of 1 pound fused bentonite sulphur to 
100 gallons spray increased the period of protection 
against horn flies on all three of these materials in 
our 1949 summer tests: on methoxychlor, 41.4 per 
cent; on lindane, 33.1 per cent and on pyrenone, 
86.7 per cent. These data cover only the parts of 
regular, summer-long tests of three materials where 
results of spraying with and without the “sticker” 
could be compared. 

In one of our tests, in Oklahoma, we found that 44 
two-year old Hereford bulls in a thick brush pasture 
heavily infested with Tatanus mostly T. sulcifrons, 
were protected against horse flies for 14 days by 
spraying a mixture of pyrenone emulsion, 1 to 10, 
and fused bentonite sulphur, 0.72 per cent. 

A lot of 129 Shorthorn steers on pasture, averaging 
750 pounds, with an average of 590 horn flies, which 
we sprayed June 17 with a mixture of 0.625 DDT, 
0.625 per cent methoxychlor and 0.25 per cent fused 
bentonite sulphur went through the season with just 
one spraying,—88 days, when they were sold Sep- 
tember 13. Seventeen 2-year old bulls on pasture, 
with an average of 150 horn flies, which we sprayed 
May 26 with a mixture of 0.25 per cent DDT, 
0.025 per cent lindane and 0.12 per cent fused 
bentonite sulphur went 72 days before there was an 
average horn fly count of 25. These lots were well 
isolated from other cattle,—a factor that aided ma- 


1 Kolofog. 


Table 1.—Tests of fused bentonite sulphur in fly sprays. 
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Methoxychlor, 50-W, 0.5% 


Methoxychlor, 50-W, 0.5% & | 
fused bentonite sulphur, 0.12% — | | 


Lindane, 25% Em. Concentrate, 
OF 

0.020°% 

Lindane, 25% Fm. Concentrate, 

0.025% & fused bentonite sul- 

phur, 0.12% 


Pyrenone Em. 1-19, 0.05% py- 
rethrins & 0.5% piperonyl bu- 
toxide 


Pyrenone Em. 1-19, 0.05% py- 
rethrins & 0.5% piperonyl bu- 


toxide & fused bentonite sulphur, | 
0 12% | 


Test 
Period 


| + 
| AVERAGE No. Days Pro- | 
| 
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3 





An average of two quarts of spray material per grown animal was applied to top plus underline, at 600 Ibs. pressure We considered 
the period of protection of a material ended when the average horn fly count reached 25. 
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terially in slow reinfestation and build-up of horn 
flies. 

Our 1949 tests indicate that the addition of fused 
bentonite sulphur to methoxychlor, lindane, DDT 
and pyrenone was a factor in lengthening the period 
of protection against horn flies on beef cattle on 
pasture. We believe that fused bentonite sulphur as 
a “sticker” or addition certainly deserves further 
testing and study.—12-23-—49. 


Ryania for Control of Cranberry 
Fruitworm 


Berry,! S, B. Penick & Company, 
New York 


The cranberry fruitworm, Mineola vaccinii 
(Riley) has been more destructive on Cape Cod than 
any other cranberry pest, sometimes destroying 
nearly half of the crop. In 1949 an attempt was made 
to determine the comparative effectiveness of 
Ryania, rotenone and cryolite sprays and dusts for 
the control of this insect. 

Plots were arranged in random fashion through- 
out the cranberry-growing areas of Massachusetts 
with the exception of Barnstable County, where the 
infestation was extremely light. Test plots and check 
plots were each one fifth of an acre in area, 

Ryania as a 40-per cent dust,” rotenone as a 5-per 
cent dust and cryolite dust were applied at the rate 
of 50 pounds per acre. The Ryania spray* was ap- 
plied at the rate of 7 
wetting agent? in 300 gallons of water, 500 gallons 
per acre, The 5-per cent rotenone spray was applied 
at a rate of 7 pounds with 2 pounds of fish oil soap in 
100 gallons of water, 500 gallons per acre. The cryo- 
lite was applied at a rate of 6 pounds in 100 gallons 
of water, 500 gallons per acre. 

The sprays were applied with a sprayer of 600 
gallons capacity which had a cranberry bog boom 
attachment with six nozzles. The pressure employed 
was 300 pounds in all tests. The dust was applied 
with a tricycle even-feed duster with a capacity of 60 
pounds. 

Cranberry fruitworm damage is first noticeable 
when the berries be gin to redden. At that time in- 
fested berries shrivel. On August 2 counts were made 
to determine the effectiveness of the three insecti- 
cides, Counts were made by going over each plot and 
picking up berries at random with a 12-inch cran- 
berry net, 50 sweeps per plot, and then choosing 100 
berries at random and separating infested berries 
from clean ones. The results were as follows: 

Per cent of 
Sprays berries infested 
Ryania*® 4 
Rotenone 5% 6 
Cryolite 15 
Check 84 


Rosert C, 


pounds with one pound of a 


1 The writer is indebted to Dr. Henry J. Franklin, Entomolo- 
gist, Cranberry Experiment Station, East Wareham, Massa- 
chusetts, for his cooperation and assistance with this work. 

2 Ryanicide. A trade name for sprays and dusts made from 
Ryanta speciosa. S. B. Penick & Company. 

® Ryanicide 100. 

4 Ultrawet DS. Atlantic Refining Company. 

5 Ryanicide 40. 
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Dusts 
Ryania® in pyrophyllite 
Rotenone 5% in pyrophyllite 
Cryolite 
Check ‘ 


On the basis of one year’s experiments Ryania is 
as effective for the control of cranberry fruitworm as 
either rotenone or cryolite. Cryolite, which the cran- 
berry growers have used widely for a number of 
years, is less effective than either of the botanicals, 


Oil Concentration in Dilute Emulsions 


James W. Hansen,! California Spray-Chemical 
Corporation, "Richmond, California 


Various oils of high aromatic content have been 
extremely successful in controlling the aquatic weed 
growth in irrigation ditches. Their full utilization 
has been handicaped, however, by the lack of a 
method to measure the oil concentration in the ditch 
water. Such a method is described below.! 

The oil is applied under pressure from submerged 
nozzles at a fixed location and the natural flow of 
the water carries it down the ditch. Dependent on 
several factors such as density of weed growth, rate 
of flow of water, application conditions, temperature, 
etc., the concentration gradually decreases until 
somewhere between 1 to 10 miles downstream it be- 
comes too dilute to exert an effective aquatic weed 
killing action. Location of this point allows an addi- 
tional controlled application to be made, thus re- 
storing effectiveness. 

It has been found that the concentration can be 
measured roughly, but adequately, by adding a 
small amount of a special type of dye,? to a sample of 
ditch water, shaking vigorously and comparing with 
similarly prepared standards. Under these conditions 
the oil becomes saturated with the dye and in its 
dispersed condition shows an intensity of red color 
which is directly proportional to the amount of oil 
present. 

The water solubility of the dye is negligible and, 
if it is used in a dry form, there is no blank to con- 
sider. Low concentrations of 100 p.p.m. Are readily 
measured. The effective range, however, extends 
only to 500 p.p.m. since above this concentration the 
color changes are too difficult to distinguish. Fortu- 
nately, this covers the range of 500 to 250 p.p.m. in 
which the aquatic weed killers are effective and it is 
a simple matter to dilute stronger samples so as to 
bring them within a measurable range. About 5 
milligrams of dye is adequate for a sample of 100 ml. 
The amount is not critical as long as an excess is 
present as shown by black specks of undissolved dye 
in the sample. 

On standing the emulsion gradually breaks and 
the standards used for comparison must be shaken 
vigorously before use. Addition of small amounts of 
emulsifier will prevent the breaking but will also re- 
sult in false color values and prevent accurate com- 
parison. 

There is considerable field preference for the addi- 
tion of the dye in a liquid rather than a solid form 


1 I am indebted to J. W. Shaw, Chemical Engineer of the Bu- 
reau of Re clamation Weed Laboratory at Denver Colorado for 
critic —_ reviewing the method and contributing valuable sug 

stio 


2 Oil Soluble Red O.”’ National Aniline Co. 
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and this can be done by making a suspension of one 
gram of the dye in 10 ml. of methy! alcohol. Since the 
alcohol introduces a small blank the amount added 
should be uniform. Three small drops, average of 
0.02 ml., from a drawn out pipet is adequate for 
100 ml. of emulsion. Use of ethyl] or isopropy] alcohol 
gives a larger blank while acetone introduces so large 
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a blank that the test is completely obscured. Con- 
venient test kits have been made using 6-ounce, 
screw top glass jars. Aluminum foil is placed in the 
lids to avoid any effect from the wax normally pres- 
ent in the liners. 

In all probability this test can be extended to any 
type of oil emulsion. 


OBITUARY 
Carlton €. Burnside, 1895-1949 


The sudden death from a heart attack of Dr. 
Carlton E. Burnside at his home in Laramie, Wy- 
oming on October 12, 1949 came as a shock to his 
friends and associates, ending a few months more 
than 22 years of continuous service in the Division of 
Bee Culture, of the Bureau of Entomology and 
Plant Quarantine. 

Dr. Burnside was born in Bronson, Michigan on 
June 27, 1895. He received his A.B. degree from 
Hillsdale College in June 1921, his M.S. in June 
1925, and his Ph.D. in June 1928, from the Uni- 
versity of Michigan, having majored in mycology 
and botany with minors in bacteriology and chemis- 
try. During the summer months of 1924 to 1926, he 
was employed under temporary appointments at the 
Bee Culture Laboratory, Somerset, Maryland, re- 
ceiving his permanent appointment as Assistant 
Apiculturist on July 16, 1927. In October 1942 he 
was transferred to the Intermountain States Bee 
Culture Laboratory at Laramie, Wyoming. 

Dr. Burnside was married to Hazel Tice at Ann 
Arbor, Michigan on June 3, 1926. He is survived by 
his wife and the following children: Barbara Jean 
and Richard Carlton of Laramie, and Charlotte E. 
(Mrs. Lloyd B.) Flint and a granddaughter, Mar- 
garet Jean Flint, of Cheyenne, Wyoming. 

He was widely known not along in this country 
but abroad, as an authority on bee diseases, with a 
list of some 34 publications. Some of the more im- 
portant phases of his research activities upon which 
he has published, are as follows: the fungus diseases 
of the honey bee, septicemia of the honey bee, disin- 
fection of American foulbrood combs by fumigation 
with formaldehyde gas, purple brood of bees, para- 
foulbrood, studies on the bacteria associated with 
European foulbrood, plant poisoning of bees, the 
thermal resistance of Bacillus larvae, transmission of 
American foulbrood by heated spores of Bacillus 
larvae and their growth in culture, the cause of 
paralysis, and observations on Nosema disease of 
honey bees. While at the Laramie Laboratory he also 
was associated with research work on the develop- 
ment of resistance to American foulbrood and the 
sulfa drug treatment of American foulbrood. 

Burnside’s interest went beyond the field of apicul- 
ture. He was an enthusiastic hunter and fisherman, 
was interested in all wild-life activities, and thor- 
oughly enjoyed outdoor activities of the western 
mountain country. He also ran successfully a small 
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apiary of his own of some 20 colonies of bees. During 
the recent war he was active in the training of young 
people in the proper use and care of firearms. As a 
hobby he was an expert amatur gunsmith. He was a 
member of the Natilnal Rifle Association, the Izaac 
Walton League, and the Kiwanis Club, as well as 
such scientific societies as the American Association 
for the Advancement of Science, the American As- 
sociation of Economic Entomologists, the American 
Genetics Association, the Washington Entomologi- 
-al Society, and Sigma Xi. 
ARNOLD P, STURTEVANT, 
Laramie, Wyoming 
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Working Relationships of Entomologists and 
Plant Pathologists 


A discussion and comparison of the 
working relationships of entomologists 
and plant pathologists may be of interest 
to the members of both groups. The con- 
ditions, in the broadest sense, under which 
both entomologists and plant patholo- 
gists are employed and conduct their pro- 
fessional work directly affect some 2200 
entomologists and 1350 plant patholo- 
gists who are now employed in some ¢a- 
pacity in the United States, including 
Alaska, Hawaii and Puerto Rico and in 
Mexico, where a number of entomologists, 
recently increased because of special prob- 
lems now existing, and some other for- 
eign countries where several other en- 
tomologists are stationed, by the U. S. 
Department of Agriculture. 

The United States Department of Agri- 
culture is by far the largest single em- 
ployer of both entomologists and plant 
pathologists in the world. The next 
largest group of men employed in the two 
fields is to be found in the several col- 
leges, especially the Land-Grant Col- 
leges, universities and experiment sta- 
tions, and in extension activities, which 
usually operate in connection with the 
colleges and experiment stations. A more 
detailed survey of this employment may 
be found in Miscellaneous Publication No. 
640 of the U. S. Department of Agricul- 
ture. 

Statistics to be found in this bulletin 
show that while there are 29 entomolo- 
gists who have the status of Divisional 
Administrators, only four plant patholo- 
gists hold comparable positions, none of 
these being in positions where they are 
concerned with the over-all administra- 
tion of the bureau which employs them. 
In other words, entomologists control the 
policies of the Bureau of Entomology and 
Plant Quarantine while horticulturists 
and agronomists direct the plant patho- 


logical activities in the Bureau of Plant 
Industry, Soils and Agricultural En- 
gineering. 

In the Land-Grant Institutions the two 
professional groups are on a more or less 
equitable basis with respect to autonomy 
and responsibility. There are some inter- 
esting relationships which may be noted 
in this field. For instance, it is noteworthy 
that plant pathology is still combined 
with botany in 26 of the Land-Grant In- 
stitutions while entomology is tied to zool- 
ogy in only 15 institutions. There are still 
many adherents to the policy of main- 
taining this parental relationship. 

Some arguments for preserving this 
type of organization are logical from the 
standpoint of administration but too fre- 
quently the subsidiary sciences are nol 
given the support they require to function 
to the best interest of those depending on 
their services. 

Of special interest to me is the relation- 
ship which exists in West Virginia, Penn- 
sylvania and Virginia and possibly in 
some other states where entomologists and 
plant pathologists are located and are ad- 
ministered as separate departments but 
work together on problems which are 
closely related and can be solved only by 
joint cooperative effort. Other interesting 
arrangements may be seen in New Mexico 
and Rhode Island where entomology and 
plant pathology are together in a single 
department. This seems very logical and 
it may be hoped that this type of organi- 
zation may be established in other states. 

There are many points of similarity in 
the two professions and much overlapping 
in their duties. Both are engaged in- 
tensively in the control of parasites and 
diseases attacking plants. They employ 
comparable techniques in their investiga- 
tions and it is entirely impossible for them 
to segregate their operations in the prac- 
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tical control of many pests and diseases in 
some fields of agriculture, especially in 
fruit-growing and vegetable production. 

On the other hand, entomologists have 
fields of activity which extend beyond the 
limits of plant pathology. There is a well 
organized division of the Bureau of En- 
tomology and Plant Quarantine which 
deals with the control of insects attacking 
man and domestic animals. The parallel 
field of bacterial, fungal and viral diseases 
of man and animals has long been pre- 
empted by human and animal patholo- 
gists in the fields of medicine and vet- 
erinary science. 

In the important field of Plant Quaran- 
tine, both foreign and domestic, entomol- 
ogists and plant pathologists once more 
have a common interest and have for 
many years worked in close cooperation. 
Any comparison of these two fields leads 
to the conclusion that entomology is far 
stronger than plant pathology in numbers 
and public support, especially in its official 
relations with the federal government and 
even with the state governments. The 
reasons for this are historical and psycho- 
logical. Man and animals react much 
more positively to the visible than to the 
invisible in the physical world. Pests and 
diseases have been recognized only in their 
more visible manifestations until within 
comparatively recent years. Insects, being 
obviously the cause of destruction of crops 
and direct injury to man, have been the 
concern of man since the dawn of history 
while the very existence of the organisms 
causing plant diseases has been in most 
cases discovered only within our own 
generation, or the years immediately pre- 
ceding it. Entomology was well estab- 
lished as a profession in some colleges and 
in the federal government before the im- 
provement in microscopes and the re- 
sulting stimulation in the constructive 
imagination of a few gifted individuals 
produced the genesis of the still new sci- 
ence of plant pathology. Symptoms of 
plant diseases, it is true, were recognized 
at a much earlier date but the causes of 
these symptoms were usually not even 
suspected. 

Attention was attracted to and fo- 
cused on insects also because they were 
and are the visible causes of much dis- 
comfort of man and animals. They had in 
too many instances the ability to adver- 
tise themselves and they secured publicity 
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which was denied to the often equally im- 
portant disease organisms. The studies of 
certain of the earlier “giants of science,” 
such as Pasteur, DeBary and Koch, and 
their followers who are still increasing the 
basic knowledge in this field, secured re- 
cognition of plant pathology as a separate 
branch of botany in America where it 
now occupies the position of an independ- 
ent science as truly does the science of 
Bacteriology. This has been a develop- 
ment of the twentieth century, nearly a 
full century after the genesis of entomol- 
ogy as a separate field of study.! The new 
science of plant pathology has been fos- 
tered primarily by the Land-Grant col- 
leges and universities rather than by the 
federal government where it has never 
been given the recognition accorded much 
earlier to the science of entomology. 
Purely from the standpoint of protection 
of plants in the interest of the general 
public, plant pathology deserves greater 
support from the federal government than 
it has ever received. 

For a time, in the days of Erwin F. 
Smith, Merton B. Waite, Haven Met- 
calf and W. A. Orton, plant pathology en- 
joyed some recognition and freedom of 
expression in the councils of the old 
Bureau of Plant Industry, as well as in 
the councils of the Department of Agri- 
culture itself. Since the reorganization and 
enlargement of the bureau more than a 
decade ago Plant Pathologists have been 
dispersed among 10 divisions and only 
four of those who are stationed in Wash- 
ington and Beltsville are in positions 
where they officially participate in the 
conduct of the Bureau—this is a total of 
57 employed in these locations. The result 
has been lowering of morale, loss of per- 
sonal prestige and consequent reduction 
of productive output. 

Certain recommendations have been 
made by the Hoover Commission which 
deserve special consideration by the en- 
tomologists. This commission has recom- 
mended that entomological research be 
distributed among the practical divisions 
of the Department of Agriculture. This 
recommendation seems to be most unwise 
and would be likely to lead to a situation 
similar to that in which the Plant Pathol- 


1 So far as we know the first man to bear the official title of Pro- 
fessor of Plant Pathology in any American College was Dr. John 
L. Sheldon, who was made Professor of Plant Pathology in West 
Virginia University in 1903, and continued in that capacity for 
several years. 
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ogists find themselves. I believe that this 
danger is now widely recognized by the 
members of the entomologic ‘al organiza- 
tions. 

The recommendation that a separate 
organization be set up for Plant Quaran- 
tine activities needs careful consideration. 
There may be some merit in the plan to 
separate regulatory work and control ac- 
tivities from the research. Legal restric- 
tions and regulations for the control 
insects and diseases may be very em- 
barrassing to research workers. On the 
other hand the regulatory and quarantine 
work must often depend on the special 
knowledge of the research workers for the 
right answer to its problems. If a segrega- 
tion should take place it is hoped by 


plant pathologists that there would be es- 
tablished within its administration a divi- 
sion of plant disease control directed by 
the plant pathologists, in order that poli- 
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determined by those qualified in this pro- 
fessional field. This would seem to be a 
logical and necessary step for the ade- 
quate protection of American Agriculture. 

Summary.—The plant pathologists join 
with the entomologists in opposing a dis- 
persion of their workers among admin- 
istrators untrained in the field and thus 
not fully aware of its importance. En- 
tomology and Plant Pathology have much 
in common and they can and should work 
in close cooperation, and as a matter of 
fact have done so in the past, each zealous 
in its own field but each recognizing that 
the one most to be benefited by research 
is the farmer, in all branches of agricul- 
ture, and through him the entire public, 
and that public interest requires that our 
efforts be fully coordinated and main- 
tained under the most competent and logi- 
cal administrative organization. 


C. R. Orton 


West Virginia University 


cies relating to regulatory and quarantine 
of plant disease control may be 


phases 


INsEcTS AFFECTING Forest Propucts AND OTHER 
Marterrats, by W. J. Chamberlin. O. S. C. 
Cooperative Association, P. O. Box 491, Corvallis, 
Oregon, 1949. 10g X84 inches, ix+159 p. 101 
figs. Processed $2.75. 


This volume, published by the Oregon State 
College Cooperative Association should be of in- 
terest and value to all persons whose work brings 
them into practical contact with the utilization of 
wood from the time it is in the forest until after it 
is used in various types of construction. Professor 
Chamberlin has brought together a large amount of 
material relative to defects in wood caused by in- 
sects including also injury to metals and other 
materials. The species involved all belong to the 
Isoptera, Lepidoptera, Coleoptera, Hymenoptera 
and Diptera, and in general the treatment of each 
species includes, a description of the adult and 
larva, its seasonal history, its life-history and habits, 
the nature of its work, its economic importance, its 
hosts and distribution, and its contro]. From this 
intensely practical book, foresters, lumbermen, 
mill men, manufacturers of wood products and 
structural engineers will find immediate answers to 
their insect problems. The entomological phases and 
relationships are not stressed. Instead the emphasis 
is placed on recognition of the species, injury, and 
control. Professor Chamberlin’s long association 
with the forest insect problems of the North West 
is assurance of its authenticity and soundness. The 
work concludes with a chapter on marine borers 
and a bibliography on Coleoptera injurious to forest 
products. With few exceptions the illustrations are 
all useful and forest entomologists will find the book 
a welcome addition to their working libraries. 


B. W. 





Common Names of Insects Approved by the American 
Association of Economic Entomologists 


C. F. W. Murseseck, U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


In the list published in 1946! numerous 
editorial changes in common names were 
made in accordance with certain principles 
which the Committee on Common Names 
had decided to adopt in the interest of uni- 
formity. Those principles, which are ex- 
plained in the introduction to the 1946 
list, are applied in the present list also. 
Moreover, some changes in_ scientific 
names, which have been made since the 
last list was published, have been incor- 
porated, together with a number of new 
common names and a few changes in 
previously approved common names that 
have been authorized by the Committee. 


COMMON NAMES OF INSECTS 
I. Insects Listep By COMMON NAMES 


..Pholus achemon (Drury) 

. Atteva aurea (Fitch) 

. Dendroctonus borealis Hopk. 
.Alniphagus aspericollis (Lec.) 
Altica ambiens (Lec.) 

.Colias philodice eurytheme Bdvl. 
eee Asphondylia websteri Felt 

. Autographa californica (Speyer) 
Adelphocoris lineolatus (Goeze) 
Brachyrhinus ligustici (L.) 
Loxostege commixtalis (Wlkr.) 

.. Hypera postica (Gyll.) 


_ Formica exsectoides Forel 


achemon sphinx. 
ailanthus webworm 
Alaska spruce beetle 
alder bark beetle 
alder flea beetle. 
Alfalfa caterpillar 
alfalfa gall midge 
alfalfa looper. . . . 
alfalfa plant bug. . 
alfalfa snout beetle 
alfalfa webworm. 
alfalfa weevil. . . 
Allegheny mount ant. 
Allegheny spruce beetle. 
Dendroctonus punctatus Lec. 

Ephestia cautella (Wlkr.) 
.Periplaneta americana (L.) 
American dagger moth. . Acronicta americana (Harr.) 
American dog tick... . Dermacentor variabilis (Say) 
American grasshopper ae 

_ Schistocerca americana (Drury) 

American plum borer... 
.E uzophera semifune ralis (W Ikr.) 
angora goat biting louse. . Bovicola limbatus (Gerv.) 
Angoumois grain moth. . . Sitotroga cerealella (Oliv.) 
angular-winged katydid. 

ESR ERE S: \ ficroce ntrum retinerve (Burm.) 
apple and thorn skeletonizer . 
eae, -Anthophila pariana (C ‘lerck) 
aphid. . .... Aphis pomi Deg. 
bark miner. . ‘Marmara elotella (Busck) 
eurculio. . .. Tachypte rellus quadrigibbus (Say) 
flea weevil .Rhynchaenus pallicornis (Say) 
fruit miner. . Marmara pomonella Busck 
fruit moth. Argyresthia conjugella Zell. 
grain aphid. . 

_Rhopalosiphum prunifoliae (Fitch) 
apple leafhopper See Empoasca maligna (Walsh) 
apple leaf skeletonizer. . Psorosina hammondi (Riley) 
apple leaf veenie miner. 

. Tischeria malifoliella Clem. 
_ Rhagoletis pomonella (Walsh) 


almond moth 
American cockroach 


apple 
apple 
apple 
apple 
apple 
apple 
apple 


apple maggot is 
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apple red bug 
apple rust mite 
apple seed chalcid. 


Lygidea mendax Reut. 
._Vasates schlechtendali (Nal.) 
. Torymus druparum Boh. 
apple sucker Psylla mali (Schmdb.) 
apple twig beetle... /Typothenemus hispidulus (Lec.) 
apple twig borer... .. . Amphicerus bicaudatus (Say) 
arborvitae leaf miner... Argyresthia thuiella (Pack.) 
arborvitae weevil. .. Phyllobius intrusus Kono 
Argentine ant Iridomyrmex humilis Mayr 
argus tortoise beetle Chelymorpha cassidea (F.) 
Arizona cotton stainer. . Dysdercus mimulus Hussey 
Arizona pine beetle. . Dendroctonus arizonicus Hopk. 
army cutworm Chorizagrotis auxiliaris (Grote) 
armyworm Cirphis unipuncta (Haw.) 
artichoke plume moth 
.Platyptilia carduidactyla (Riley) 
ash borer... .... . Podosesia syringae fraxini (Lug.) 
ash-gray blister beetle .Epicauta fabricii (Lec.) 
ash plant bug... . . Neoborus amoenus (Reut.) 
Asiatic garden beetle... Autoserica castanea (Arrow) 
Asiatic rice borer. . Chilo simplex (Butl.) 
asparagus beetle. .Criocerus asparagi (L.) 
asparagus miner... . Melanagromyza simplex (Loew) 
aspen leaf beetle Chrysomela tremulae F. 
Australian cockroach. . Periplaneta australasiae (F.) 
Australian-pine borer 
Chrysobothris tranquebarica (Gmel.) 
avocado red mite. . Paratetranychus yothersi (McG.) 
avocado whitefly. . Trialeurodes floridensis (Quaint. ) 
azalea bark scale . Eriococcus azaleae Comst. 
azalea lace bug. . Stephanitis pyrioides Scott 
azalea leaf miner Gracilaria azaleella Brants 
azalea whitefly Aleyrodes azaleae B. & M. 


bagworm.... Thyridopteryx ephemeraeformis (Haw.) 
bald-faced hornet Vespula maculata (L.) 
balsam-fir sawfly . Neodiprion abietis (Harr.) 
balsam-fir sawyer Monochamus marmorator (Kby.) 
balsam twig aphid...... .! Mindarus abietinus Koch 
banana root borer... .Cosmopilites sordidus (Germ.) 
banded cucumber beetle... . Diabrotica balteata Lec. 
banded greenhouse thrips..................... 
Hercinothrips femoralis (Reut.) 
banded hickory borer... .... .Chion cinctus (Drury) 
banded woollybear ....Isia isabella (A. & 5.) 
barnacle scale... . Ceroplastes cirripediformis Comst. 
basswood lace bug... .... . Gargaphia tiliae (Walsh) 
basswood leaf roller... .Pantographa limata G. & R. 
bean aphid. . : . Aphis fabae Scop. 
bean leaf beetle Cerotoma trifurcata (Forst.) 
bean leaf roller. .Urbanus proteus (L.) 
bean leaf skeletonizer. . . . Autoplusia egena (Guen.) 
bean stalk weevil... . . Sternechus paludatus (Casey) 
bean thrips... . ..Hercothrips fasciatus (Perg.) 
bean weevil . Acanthoscelides obtectus (Say) 
bed bug. . .....Cimex lectularius L. 
beech blight aphid. . Prociphilus imbricator (Fitch) 
beech scale Cryptococcus fagi (Baer.) 
beet armyworm . Laphygma exigua (Hbn.) 
beet leaf beetle...... . Erynephala puncticollis (Say) 
beet leafhopper. . . .Circulifer tenellus (Baker) 
beet webworm. . . Loxostege sticticalis (L.) 
bella moth. . . Utetheisa bella (L.) 
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Mamestra configurata Wikr. 
. Epiblema otiosana (Clem.) 
. Coleophora salmani Heinr. 

.Fenusa pusilla (Klug) 


bertha armyworm 
bidens borer........... 
birch casebearer 

birch leaf miner 


Haemaphysalis chordeilis (Pack.) 
black army cutworm..... Actebia fennica (Tausch.) 
blackberry leaf mite... . Phyllocoptes gracilis (Nal.) 
black blister beetle. . Epicauta pennsylvanica (Deg.) 
black blow fly Phormia regina (Meig.) 
black carpenter ant. : 

.Camponotus he rculeanus pennsylvanicus (Deg.) 
black carpet beetle Attagenus piceus (Oliv.) 
black cherry aphid...... Myzus cerasi (F ) 
black cherry fruit fly -Rhagoletis fausta (O. S.) 
black citrus aphid Toxoptera aurantii (Fonsc.) 
black cutworm Agrotis ypsilon (Rott.) 
black elm bark weevil. ...../ M agdalis barbita (Say) 
black grain stem sawfly 

Cephus (Trachelus) tabidus (F.) 
black-headed ash saw fly... Tethida cordigera (Beauv.) 
black-headed budworm Acleris variana (Fern.) 
black-headed fireworm. .. Rhopobota naevana (Hbn.) 
Black Hills beetle. . Dendroctonus ponderosae Hopk. 
black-horned tree cricket 

.Oecanthus nigricornis nigricornis Wlkr. 
black horse fly Tabanus atratus F. 
black lady beetle Rhizobius ventralis (Er.) 
black larder beetle Dermestes ater Deg. 
black-legged tick Ixodes ricinus scapularis Say 
black-legged tortoise beetle 

Jonthonota nigripes (Oliv.) 

black-margined aphid Vonellia costalis (Fitch) 
black peach aphid 


Melanocallis caryaefoliae (Dav is) 
black pine ‘leaf scale 
Aspidiotus californicus Colm. 
Saissetia oleae (Bern.) 
black swallowtail Papilio ajax L. 
black thread scale... . Ischnaspis longirostris (Sign.) 
black turpentine beetle 
Dendroctonus terebrans (Oliv.) 
black vine weevil. ......Brachyrhinus sulcatus (F.) 
black widow spider....... Latrodectus mactans (F.) 
bloodsucking conenose. . T’riatoma sanguisuga (Lec.) 
blueberry bud mite. . . . Aceria vaccinit (Keif.) 
blueberry maggot... .Rhagoletis pomonella (Walsh) 
blue cactus borer.........Melitara dentata (Grote) 
bluegrass webworm. .. . Crambus teterrellus (Zinck.) 
blue horntail Sirex cyaneus F. 
blunt-nosed cranberry leafhopper 
GY ROPES reas. Scleroracus vaceinii (Van D.) 
body louse Pediculus humanus corporis Deg. 
boll weevil Anthonomus grandis Boh. 
bollworm. . . Heliothis armigera (Hbn.) 
booklouse. Liposcelis divinatorius (Miill.) 
boxelder aphid Periphyllus negundinis (Thos.) 
boxelder bug Leptocoris trivittatus (Say) 
boxelder leaf roller. . Gracilaria negundella Chamb. 
boxelder twig borer. . Proteoteras willingana (Kearf.) 
boxwood leaf miner 


black scale 


Psylla buai (L.) 

Typhlocyba tenerrima H.-S. 

. Lacinipolia renigera (Steph.) 
Cladius isomerus Nort. 
broadbean weevil Bruchus rufimanus Boh. 
broad-horned flour beetle. .Gnathocerus cornutus (F.) 
broad mite Hemitarsonemus latus (Banks) 


boxwood psyllid 
bramble leafhopper 
bristly cutworm. .. . 
bristly rose-slug 
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broad-necked root borer. . Prionus laticollis (Drury) 

broad-nosed grain weevil 
Caulophilus latinasus (Say) 

broad-winged katydid 

Microcentrum rhombifolium (Sauss.) 
bronze apple tree weevil. .. Magdalis aenescens Lec. 
bronze birch borer Agrilus anxius Gory 
bronzed cutworm. .. Nephelodes emmedonia (Cram.) 
brown-banded roach. .Supella supellectilium (Serv.) 
brown chicken louse Goniodes dissimilis Nitz. 
brown dog tick. . . Rhipicephalus sanguineus (Latr.) 

brown-headed ash sawfly 
; _Tomostethus multicinctus (Roh.) 
brown salt-marsh mosquito. . . Aedes cantator (Coq.) 
brown spider beetle Ptinus hirtellus Sturm 
brown-tail moth. ...Nygmia phaeorrhoea (Donov.) 
Bruce spanworm......Operophtera bruceata (Hulst) 
buck moth Hemileuca maia (Drury) 
buckthorn aphid. . ade abbreviata Patch 
buffalo treehopper. . .Ceresa bubalus (¥.) 
bulb mite Rhiz oglyph hus : echinopus (F. & R.) 
bulb scale mite Tarsonemus laticeps Halb. 
bumble flower beetle. . . .... Euphoria inda (L.) 
bumelia fruit fly Pseudodacus pallens (Coq.) 


Brevicoryne brassicae (1.) 
Ceutorhynchus rapae Gyll. 
cabbage looper Trichoplusia ni (Hbn.) 
cabbage maggot . Hylemya brassicae (Bouché) 
cabbage seedpod weevil 

.Ceutorhynchus assimilis (Payk.) 
cabbage seedstalk curculio 
Ceutorhynchus quadridens (Panz.) 
H[ellula undalis (¥.) 

Diaspis echinocacti (Bouché) 

Tenebroides mauritanicus (L. 
Lecanium cerasorum Ckll. 


cabbage aphid 
cabbage curculio 


cabbage webworm 
cactus scale 
OMEN ae core cog at 
calico scale 
California harvester ant 
Pogonomyrmer californicus (Buckl.) 
California oakworm. . Phryganidia californica Pack. 
California pear-slug Pristiphora californica (Marl.) 
California prionus...... Prionus californicus Mots. 
California red scale . Aonidiella aurantii (Mask.) 
California salt-marsh mosquito 
Aedes squamiger (C 0q.) 
California tent caterpillar 
pis acerat erecta: anetohar aam Malacosoma californicum (Pack.) 
camellia scale Lepidosaphes camelliae Hoke 
camphor scale Pseudaonidia duplex (Ckll.) 
camphcr thrips... ... Liothrips floridensis (Watson) 
caragana plant bug Lopidea dakota Knight 
Caribbean pod borer... ....Fundella pellucens Zell. 
carnation maggot. .... Zylemya brunnescens (Zett.) 
carnation tip maggot Hylemya abdena Hall 
Carolina grasshopper Dissosteira carolina (L. 
Carolina mantis. . . . Stagmomantis a (Johan.) 
carpenter bee 
carpenterworm 
carpet beetle 
carpet moth... 
carrot beetle 
carrot rust fly 
carrot weevil 
casemaking clothes moth 
catalpa midge 
catalpa sphinx. . 
cat flea 
cat follicle mite 
a eee 
cattle biting louse 
cattle follicle mite 


Prionoxystus cahiaiied (Pec Ly 
. Anthrenus scrophulariae ( . ) 
Trichophaga tapetzella (L.) 
Ligyrus gibbosus (De g.) 
Psila rosae (¥.) 
Li«ronotus oregonensis (Lec.) 
Tinea pellionella (L. 
Ttonida catalpae (Comst ) 
Ceratomia catalpae (Bdvl.) 
Ctenoce phalides felis (Bouché) 
Demodex cati Mégn. 
Felicola subrostrata (Nitz.) 
Bovicola bovis (L.) 
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cattle tail louse 
Haematopinus quadripertusus Fahrenh. 
Boophilus annulatus (Say) 
Amblyomma cajennense (F.) 
Hyalophora cecropia (L.) 
Semanotus ligneus (F.) 
Phlyctaenia rubigalis (Guen.) 
Anagrapha falcifera (Kby.) 
celeryworm Papilio ajax L. 
chaff scale Parlatoria pergandii Comst. 
chain-spotted geometer. . Cingilia catenaria (Drury) 
changa Scapteriscus vicinus Scudd. 
charcoal beetle.........1 Melanophila consputa Lec. 
cheese skipper Piophila casei (L.) 
cherry casebearer Coleophora pruniella Clem. 
cherry fruit fly Rhagoletis cingulata (Loew) 
cherry fruit sawfly Hoplocam pa cookei (Clarke) 
cherry fruitworm. .....Grapholitha packardi (Zell.) 
cherry leaf beetle Galerucella cavicollis (Lec.) 
cherry maggot.........Rhagoletis cingulata (Loew) 
chestnut timberworm 
pit ARE aeecea ree iia SE Melittomma sericeum (Harr.) 
chicken body louse 
Eomenacanthus stramineus (Nitz.) 
chicken head louse 
Cuclotogaster heterographus (Nitz.) 
Dermanyssus gallinae (Deg.) 
chigger...........Eutrombicula alfreddugési (Oud.) 
chigoe Tunga penetrans (L.) 
chinch bug Blissus leucopterus (Say) 
Chinese Waites «.6.5.655..0500seaadaan ees as 
: Tenodera aridifolia sinensis Sauss. 
Chinese obscure scale... .Parlatoria chinensis Marl. 
chrysanthemum aphid 
PRES Mer. VM acrosiphoniella sanborni (Gill.) 
chrysanthemum gall midge 
Diarthronomyia hypogaea (Loew) 
chrysanthemum lace bug 
Corythucha marmorata (Uhl.) 
chrysanthemum leaf miner 
Phytomyza chrysanthemi (Kowarz) 
chrysanthemum thrips... . Thrips nigropilosus Uzel 
cigar casebearer Coleophora occidentis Zell. 
cigarette beetle Lasioderma serricorne (F.) 
citricola scale. . .Coccus pseudomagnoliarum (Kuw.) 
citrophilus mealybug. ... Pseudocoecus gahani Green 
citrus blackfly....... Aleurocanthus woglumi Ashby 
citrus bud mite Aceria sheldoni (Ewing) 
Pseudococcus citri (Risso) 
Paratetranychus citri (McG.) 
Pachnaeus litus (Germ.) 
Phyllocoptruta oleivora (Ashm.) 
Scirtothrips citri (Moult.) 
Dialeurodes citri (Ashm.) 
clay-colored billbug Calendra aequalis (Gyll.) 
Clear Lake gnat Chaoborus astictopus D. & S. 
clear-winged grasshopper 
Camnula pellucida (Seudd.) 
Epicauta cinerea (Forst.) 
clouded sulphur Colias philodice philodice Latr. 
cloudy-winged whitefly 
Dialeurodes citrifolii (Morg.) 
Anuraphis bakeri (Cowen) 
Scotogramma trifolii (Rott.) 
Hypsopygia costalis (F.) 


cattle tick 
Cayenne tick 
cecropia moth 
cedar tree borer 
celery leaf tier 
celery looper 


citrus 

citrus 

citrus 

citrus thrips 
citrus whitefly 


clover aphid 
clover cutworm 
clover hayworm 
clover head caterpillar 
Grapholitha interstinctana (Clem.) 
clover head weevil Tychius stephensi Schinh. 
clover leafhopper 
Aceratagallia sanguinolenta (Prov.) 
Dasyneura trifolii (Loew) 
Hypera punctata (F.) 


clover leaf midge 
clover leaf weevil 
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Bryobia praetiosa Koch 
Hylastinus obscurus (Marsh.) 
clover root curculio Sitona hispidula (F.) 
clover seed chalcid Bruchophagus gibbus (Boh.) 
clover seed midge. . . Dasyneura leguminicola (Lint.) 
clover stem borer Languria mozardi Latr. 
cluster fly Pollenia rudis (F.) 
cochineal insect Dactylopius coccus Costa 
cocklebur weevil 

Rhodobaenus tredecim punctatus (II!.) 
coconut leaf roller. .....Omiodes blackburni (Butl.) 
coconut mealybug Pseudococcus nipae (Mask.) 
coconut scale Aspidiotus destructor Sign. 
codling moth Carpocapsa pomonella (L.) 
coffee bean weevil... . Araecerus fasciculatus (Deg.) 
Colorado pine beetle 

Dendroctonus approximatus Dietz. 
Colorado potato beetle 
Leptinotarsa decemlineata (Say) 
Columbia Basin wireworm 
Limonius subauratus Lec. 


clover mite 
clover root borer 


Papaipema purpurifascia (G. & R.) 
columbine leaf miner... Phytomyza minuscula Gour. 
common cattle grub 

Hypoderma lineatum (De Vill.) 
common malaria mosquito 
Anopheles quadrimaculatus Say 


Pseudococcus comstocki (Kuw.) 
Chlorochroa ligata (Say) 
confused flour beetle Tribolium confusum Duv. 
convergent lady beetle 
Hippodamia convergens Guér. 
Cooley spruce gall aphid Chermes cooleyi Gill. 
corn blotch leaf miner. . Agromyza parvicornis Loew 
corn earworm Heliothis armigera (Hbn.) 
cornfield ant 
Lasius niger alienus americanus Emery 
corn flea beetle Chaetocnema pulicaria Melsh. 
corn leaf aphid Aphis maidis Fitch 
corn root aphid. . Anuraphis maidi-radicis (Forbes) 
corn root webworm., .. .Crambus caliginosellus Clem. 
corn rootworm Diabrotica longicornis (Say) 
corn sap beetle Carpophilus dimidiatus (F.) 
corn silk beetle... .... . Luperodes brunneus (Crotch) 
cotton aphid 4 phis gossypii Glov. 
cotton blister mite. ... . Cecidophyes gossypii (Banks) 
cotton fleahopper Psallus seriatus (Reut.) 
cotton lace bug Corythucha gossypii (F.) 
cotton leaf miner. ....../ Nepticula gossypii F. & L. 
cotton leaf perforator 
cotton leafworm 
cotton square borer 
cotton stainer 
cottonwood borer....... 
cottonwood dagger moth 
Acronicta lepusculina Guen. 
Chrysomela scripta F. 
cottony-cushion scale Icerya purchasi Mask. 
cottony maple scale...........Pulvinaria vitis (L.) 
cottony peach scale......Pulvinaria amygdali Ckll. 
coulee cricket.......Peranabrus scabricollis (Thos.) 
cowpea aphid Aphis medicaginis Koch 
cowpea curculio.........Chaleodermus aeneus Boh. 
cowpea weevil Callosobruchus maculatus (F.) 
crab-hole mosquito... .. . Deinocerites cancer Theob. 
crab louse Phthirus pubis (L.) 
cranberry fruitworm...... Mineola vaccinii (Riley) 


Alabama argillacea (Hbn.) 
Strymon melinus (Hbn.) 
Dysdercus suturellus (H.-S.) 
...Plectrodera scalator (F.) 
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Crambus topiarius Zell. 


cranberry girdler 
.Rhabdopterus picipes (Oliv.) 


cranberry rootworm. 
cranberry spanworm..... . 
irre Anavitrinella pampinaria (Guen. ) 
cranberry weevil Anthonomus musculus Say 
crapemyrtle aphid 
es .Myzocallis kahawaluokalani Kirk. 
crazy ant.... . Paratrechina longicornis (Latr.) 
crescent-marked lily aphid 
Myzus circumflerus (Buck.) 
crinkled flannel moth. . Megalopyge crispata (Pack.) 
cross-striped cabbageworm 
Evergestis rimosalis (Guen.) 
Cuban cockroach .Panchlora cubensis Sauss. 
Cuban-laurel thrips. . . 
. Gynaikothrips ficorum (March.) 
.Itonida citrulli Felt 
Allantus cinctus (L.) 
Capitophorus ribis (L.) 
Ramosia tipuliformis (Clerck) 
. Cecidophyes ribis (Nal.) 
Epochra canadensis Loew 


cucurbit midge. . . 
curled rose sawfly 
currant aphid 
currant borer. 
currant bud mite 
currant fruit fly. . . 
currant fruit weevil 


Itame ribearia (Fitch) 
.Janus integer (Nort.) 
Tarsonemus pallidus Banks 
. Samia cynthia (Drury) 


currant spanworm 
currant stem girdler 
cyclamen mite 
cynthia moth. . 


. Tenebrio obscurus F. 
Euxoa messoria (Harr.) 
Asarcopus palmarum Horv. 
date mite... Paratetranychus simplex (Banks) 
deodar weevil. ........ . Pissodes nemorensis Germ. 
depluming mite . Cnemidocoptes gallinae (Raill.) 
depressed flour beetle. . Palorus subdepressus (Woll.) 
desert corn flea beetle Chaetocnema ectypa Horn 
devastating grasshopper. . . 

.Melanoplus mexicanus devastator Scudd. 
diamondback moth. . . Plutella maculipennis (Curt.) 
dictyospermum scale. . . 

-Chrysomphalus dictyospermi ( Morg.) 
differential grasshoppe r 
Melanoplus differentialis (Thos.) 

Feltia subgothica (Haw.) 
Corydalus cornutus (1.) 
Ametastegia glabrata (Fall.) 
Smicronyx sculpticollis Casey 
Trichodectes canis (Deg.) 
Ctenocephalides canis (Curt.) 
.Demodex canis Leydig 
dog sucking louse. Linognathus setosus (Oif.) 
dogwood borer Thamnosphecia scitula (Harr.) 
dogwood club-gall midge 
Mycodiplosis alternata Felt 
.Chionaspis corni Cooley 
.Clastoptera proteus Fitch 
Oberea tripunctata (Swed.) 


dark mealworm 
dark-sided cutworm. . 
datebug.... 


dingy cutworm 
dobsonfly. . . 

dock sawfly. . . 
dodder gall weevil 
dog biting louse. 
dog flea 

dog follicle mite. 


dogwood scale 
dogwood spittlebug 
dogwood twig borer. 
Douglas-fir beetle 
Dendroctonus pseudotsugae Hopk. 

Douglas-fir engraver .Scolytus unispinosus Lec. 
Douglas-fir tussock moth 

. Temerocampa pseudotsugata McD. 
dried-fruit beetle... ...Carpophilus hemipterus (L.) 
dried-fruit mite. .Carpoglyphus lactis (L.) 
dried-fruit moth ._Vitula serratilineella Rag. 
drug-store beetle. .Stegobium paniceum (L.) 
dry-land wireworm. . .Ctenicera inflata (Say) 
dusky birch sawfly....... . Croesus latitarsus Nort. 


Otobius megnini (Dugés) 
.Limonius agonus (Say) 


ear tick 
eastern field wireworm. 
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eastern larch beetle. .Dendroctonus simplex Lec. 
eastern lubber grasshopper 
.Romalea microptera (Beauv.) 
eastern ‘raspberry fruitworm. .. Byturus rubi Barber 
eastern spruce beetle. . 
Dendroctonus piceape rda Hopk. 
eastern spruce gal! aphid. . _Chermes abietis L. 
eastern tent wueeeee 
MM alace soma americanum (F.) 
.Epitrix fuscula Crotch 
Gargaphia solani Heid. 
Keiferia glochinella (Zell.) 
Alypia octomaculata (F.) 
Achatodes zeae (Harr.) 
. Saperda tridentata Oliv. 
Calligrapha scalaris (Lec.) 
Coleophora limosipennella (Dup.) 
.Colopha ulmicola (Fitch) 
.Corythucha ulmi O. & D. 
M yzocallis ulmifolii (Monell) 
Galeruclella xanthomelaena (Schr.) 
Fenusa ulmi Sund. 
Cimbex americana Leach 
Chionaspis americana Johns. 
Ennomos subsignarius (Hbn.) 
Systena elongata (F.) 


eggplant flea beetle 
eggplant lace bug. . . 
eggplant leaf miner 
eight-spotted forester 
elder shoot borer. . . 
elm borer 
elm calligrapha . 
elm casebearer 
elm cockscomb gall 
elm lace bug 
elm leaf aphid. 
elm leaf beetle. 
elm leaf miner. 
elm sawfly 
elm scurfy scale... 
elm spanworm 
elongate flea beetle 
Engelmann spruce beetle 

Dendroctonus enge elmanni Hopk. 
Engelmann spruce weevil 

Pissodes engelmanni Hopk. 

E nglish grain aphid 

Macrosiphum « granarium {Kby. 
ermine moth Hyponomeuta padella (L.) 
euonymus scale ar euonymt (Const) 
European alder le af miner. 


E urope an apple s: saw wfly 
-Hoplocampa testudinea (Klug) 

Europea in chicken flea 
Ceratophyllus gallinae (Schr.) 
.Pyrausta nubilalis (Hbn.) 
Forficula auricularia L. 
.Gossyparia spuria (Mod.) 
_Lecanium corni Bouché 


European corn n borer 
European earwig. .. 
European elm scale... .. 
European fruit lecanium. . 
European fruit scale 


Aspidiotus ostreaeformis Curt. 

European grain moth. Nemapogon granella (L.) 
European honeysuckle leaf roller ; 
Harpipteryx xylostella (L.) 
Mantis religiosa 1. 


European mantis 
Lecanium persicae (F.) 


European peach scale 
aeenned pine shoot moth 
Rhyacionia buoliana (Schiff.) 
red mite 
Paratetranychus pilosus (C. & F.) 
spruce beetle 


spruce sawfly 
Divrion (Gilpinia) hercyniae (Htg.) 
wheat stem sawfly 
Cephus pygmaeus (L.) 
eyed click beetle . . Alaus oculatus (J. 
eye-spotted bud moth. Spilonota ocellana (D. & 5S.) 


Laphygma frugiperda (A. & S.) 
Alsophila pometaria (Harr.) 

. Hyphantria cunea (Drury) 
Nysius ericae (Schill.) 
Leptinotarsa juncta (Germ.) 
Muscina stabulans (Fall.) 
.Pinaspis aspidistrae (Sign.) 

; . Acheta assimilis F. 


fall armyworm 

fall cankerworm. 
fall webworm. . . 
false chinch bug. . 
false potato beetle. 
false stable fly. 
fern scale... 

field cricket. 
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fiery hunter... .. .Calosoma calidum (F.) 
fig mite Aceria ficus (Cotte) 
fig scale... . Lepidosaphes ficus (Sign.) 
filament bearer. . . in limbata (Haw.) 
filbert bud mite... . . Phytoptus avellanae Nal. 
filbert weevil. . . _....Cureulio uniformis (Lec.) 
filbertworm. . M elissopus latiferreanus (Wlsm.) 
fire ant..... Solenopsis geminata (F.) 
firebrat. . Thermobia domestica (Pack.) 
fir engraver Scolytus ventralis Lec. 
flat grain beetle. .. Laemophloeus pusillus (Schénh.) 
flatheaded apple tree borer. 

( ‘hrysobothris femorata (Oliv.) 


Melanophila drummondi (Kby.) 
. Heliothis ononis (Schitf.) 

. Lecanium fletcheri Ckll. 

Aedes sticticus (Meig.) 


flax bollworm 
Fletcher scale. 
floodwater mosquito 
Florida carpenter ant. 

Camponotus abdominalis floridanus (Buckl.) 
Florida fern caterpillar 

aWittes Callopistria floridensis (Guen.) 

Florida harvester ant 
Pogonomyrmex badius (Latr.) 
Chrysomphalus aonidum (L.) 
Florida wax scale .Ceroplastes floridensis Comst. 
flower thrips. . Frankliniella tritici (Fitch) 
fluff louse... . ..Goniocotes hologaster Nitz. 
follicle mite. . Demodex folliculorum (Simon) 
forage looper. . . Caenurgina erechtea (Cram.) 
Forbes scale. . . Aspidiotus forbesi Johns. 
forest tent caterpillar. ....Malacosoma disstria Hbn. 
fork-tailed bush katydid. . Scudderia furcata Brunn. 
four-lined plant bug Poecilocapsus lineatus (F.) 
four-spotted tree cricket 

Oecanthus nigricornis quadri punctatus Beut. 
fowl tick. .. Argas persicus (Oken) 
foxglove aphid. Myzus convolvuli (Kkltb.) 
frit fly..... Oscinella frit (L.) 
fruit tree leaf roller. _Archips argyrospila (Wlkr.) 
Fuller rose beetle... . Pantomorus godmani (Crotch) 
furniture carpet beetle. . Anthrenus vorax (Waterh.) 


Florida red scale 


gall-making maple borer. . XYylotrechus aceris Fisher 
garden fleahopper Halticus bracteatus (Say) 
garden springtail...... Bourletiella hortensis (Fitch) 
garden centipede. . . Scutigerella immaculuta (Newp.) 
garden webworm. . . Loxostege similalis (Guen.) 
genista caterpillar. . . . Tholeria reversalis (Guen.) 
German cockroach Blattella germanica (L.) 
giant hornet... Vespa crabro germana Christ 
giant stag beetle Lucanus elaphus F. 
giant water bug. Lethocerus americanus (Leidy) 
gladiolus thrips. . . Taeniothrips simplex (Mor.) 
glassy cutworm Crymodes devastator (Brace) 
globose scale. . . Lecanium prunastri (Fonsc.) 
gloomy scale. . Chrysomphalus tenebricosus (Comst.) 
Glover scale.......... Lepidosaphes gloverii (Pack.) 
goat biting louse Bovicola caprae (Gurlt) 
goat follicle mite... . . Demodex caprae Raill. 
goat sucking louse. . . Linognathus stenopsis (Burm.) 
golden-eye lacewing .Chrysopa oculata Say 
goldenglow aphid. . Macrosiphum rudbeckiae (Fitch) 
golden oak scale 

.....Asterolecanium variolosum (Ratz.) 
golden spider beetle. . . Niptus hololeucus (Fald.) 
golden tortoise beet i: 1 ae Metriona bicolor (F.) 
gooseberry fruitworm. .Zophodia convolutella (Hbn.) 
gooseberry witchbroom aphid 
“ ......Kakimia houghtonensis (Troop) 
goose body! ouse... . . Trinoton anserinum (F.) 
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Acarus siro L. 
. Abacarus hystrix (Nal.) 
.Limothrips cerealium Hal. 
Sitophilus granarius (L.) 
granulate cutworm Feltia subterranea (F.) 
grap berry moth... Polychrosis viteana (Clem.) 
grape blossom midge. . . Contarinia johnsoni (Sling.) 
grape cane gall maker 
.Ampeloglypter sesostris (Lec.) 
eee Colaspis flavida (Say) 
Craponius inaequalis (Say) 
Eriophyes vitis (Pgst.) 
. Altica chalybea (Ill.) 
Desmia funeralis (Hbn.) 


grain mite 

grain rust mite 
grain thrips..... 
granary weevil... 


grape colaspis. . . 
grape curculio. .. . 
grape erineum mite. 
grape flea beetle. . . . 
grape leaf folder. . 
grape leaf skeletonizer 
Harrisina americana (Gueér.) 
grape mealybug . Pseudococcus maritimus (Ehrh.) 
grape phylloxera . Phylloxera vitifoliae (Fitch) 
grape plume moth. . 
Pterophorus periscelidactylus Fitch 
grape root borer... ...Vitacea polistiformis (Harr.) 
grape rootworm Fidia viticida Walsh 
grape sawfly . . .. Erythraspides vitis (Harr.) 
grape scale. . . . Aspidiotus uvae Comst. 
grape seed chalcid Evorysoma vitis (Saund.) 
grape trunk borer... 
-Clytoleptus albofasciatus (C. & G.) 
Aphis illinoisensis Shimer 
: ‘Lygris diversilineata (Hbn.) 
Trialeurodes vittatus (Quaint.) 
grasshopper bee fly Systoechus vulgaris Loew 
grasshopper maggot Sarcophaga kellyi Ald. 
grass sawfly. . . . Pachynematus extensicornis (Nort.) 
grass thrips......... Anaphothrips obscurus (Miill.) 
gray-banded leaf roller 


grapevi ine » aphid. . 
grapevine looper 
grape whitefly 


Great Basin wireworm 
.Ctenicera pruinina noxia (Hyslop) 
greedy scale. . Aspidiotus camelliae Sign. 
green budworm. . . Hedia variegana (Hbn.) 
greenbug. . Toxoptera graminum (Rond.) 
green cloverworm . Plathypena scabra (F.) 
green fruitworm Lithophane antennata (Wlkr.) 
green-headed spruce sawfly 
_Pikonema dimmockii (Cress.) 
greenhouse leaf tier. . Phlyctaenia rubigalis (Guen.) 
greenhouse orthezia Orthezia insignis Browne 
greenhouse stone cricket 
Tachycines asynamorus Adel. 
greenhouse thrips , 
Heliothrips haemorrhoidalis (Bouché) 
greenhouse whitefly 
. Trialeurodes vaporariorum (Westw.) 
green June beetle Cotinis nitida (L..) 
green meadow locust 
Chortophaga viridifasciata (Deg.) 
green peach aphid. . Myzus persicae (Sulz.) 
green rose chafer.. . . Dichelonyx backi (Kby.) 
green scale .Coccus viridis (Green) 
green shield se ale. .Pulvinaria psidii Mask. 
green stink bug. . Acrosternum hilare (Say) 
green-striped mapleworm. . . Aniséta rubicunda (F.) 
gregarious oak leaf miner 
Cameraria cincinnatiella (Chamb.) 
ground mealybug Rhizoecus falcifer Kunck. 
guinea feather louse. . . .Goniodes numidae Mjoberg 
Gulf Coast tick... ... Amblyomma maculatum Koch 
Gulf wireworm. Conoderus amplicollis (Gyll.) 
gypsy moth.... .Porthetria dispar (L.) 


Scolytus muticus Say 


hackberry engraver. . 
Corythucha celtidis O. & D. 


hackberry lace bug. 
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hackberry nipple gall 
Pachypsylla celtidis-mamma (Fiet.) 
Phobetron pithecium (A. & S$.) 
. Blissus hirtus Montd. 
Ptinus villiger (Reit.) 
Nilotaspis halli (Green) 
harlequin bug. . . Murgantia histrionica (Hahn) 
Hawaiian beet webworm. . . Tymenia recurvalis (F.) 
hawthorn lace bug.... _Corythucha cydoniae (Fitch) 
head louse... Pediculus humanus humanus L. 
hellgramite. . Corydalus cornutus (L.) 
hemispherical scale. . 


hag moth 
hairy chinch bug........... 
hairy spider beetle 


Hall scale... . 


Saissetia hemisphaerica (Tare. ) 
. Melanophila fulvoguttata (Harr.) 
. Lambdina fiscellaria (Guen.) 
. Aspidiotus ithacae (Ferris) 
Neodiprion tsugae Midd. 
. Phytophaga destructor (Say) 
hickory bark beetle... .Scolytus quadrispinosus Say 
hickory horned devil. . .Citheronia regalis (F.) 
hickory leaf roller. . Argyrotaenia juglandana (Fern) 
hickory plant bug... . Neolygus caryae Knight 
hickory shuckworm. .. . Laspeyresia caryana (Fitch) 
hickory tussock moth . Halisidota caryae (Harr.) 
hide beetle... .. .. Dermestes maculatus Deg. 
hog follicle mite Demodex phylloides Csokor 
hog louse... . Haematopinus adventicius Neum. 
hollyhock plant bug 
Velanotrichus althaeae (Hussey) 
Phytomyza wicis (Curt.) 
Aspidiotus britannicus Newst. 
Apis mellifera L. 
.....Zaraea inflata Nort. 
_Phorodon humuli (Schr.) 
Psylliodes punctulata Melsh. 
Hypena humuli (Harr.) 
Paracalocoris hawleyi Knight 
. Popilius disjunctus (I11.) 
Anasa armigera (Say) 
Aegeria apiformis (Clerck) 
Siphona irritans (L.) 
. Bovicola equi (L.) 
Gaste rophilus intestinalis (Deg.) 
Demodex equi Raill. 


hemlock borer... 
hemlock looper. . . 
hemlock scale. . . . 
hemlock sawfly 
hessian fly. . 


holly leaf miner 
holly scale 
hone *y bee : 
honey suckle saw fly . 
hop aphid. 
hop flea beetle 
hop looper 
hop plant bug 
horned passalus. . 
horned squash bug 
hornet moth 
horn fly . . 
horse biting louse. 
horse bot fly 
horse follicle mite 
horseradish flea beetle 

Phyllotreta armoraciae (Koch) 
horse sucking louse. . . . Taematopinus asini (L.) 
house centipede Scutigera cleoptrata (L.) 
house cricket... . Acheta domestica L. 
house fly Musca domestica L. 
Howard scale............4 Aspidiotus howardi Ckll. 
human bot fly. .Dermatobia hominis (L., Jr.) 
human flea. Pulex irritans L. 


imbricated snout beetle. . Epicaerus imbricatus (Say) 
imperial moth........... Eacles imperialis (Dean) 
imported cabbageworm Pieris rapae (L.) 
imported currantworm.... 
nee Nematus (Pteronidea) ribesti (Scop.) 
importe d fire ant. 
Solenopsis saevissima v. richtert Forel 
imported willow leaf beetle. . 
Playiodera versicolora (Laich.) 
. Plodia interpunctella (Hbn.) 
.Diprion simile (Htg.) 


Indian-meal moth. 
introduced pine sawfly...... 
io moth Automeris to (F.) 
iris borer........ . Macronoctua onusta Grote 
ve bc. ee Bregmatothrips tridis Watson 
iris weevil. . Mononychus vulpeculus (F.) 
Italian pear se: scale. .. Epidiaspis piricola (Del Guer.) 
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Scarcoptes scabiei (Deg.) 


itch mite 
Aphis hederae KItb, 


ivy aphid 


jack-pine sawfly 
Neodiprion americanus banksianae Roh. 
Japanese beetle Popillia japonica Newm. 
Jetfrey pine beetle Dendroctonus jeffreyi Hopk. 
Jerusalem cricket Stenopelmatus fuscus Hald. 
juniper scale Diaspis carueli Targ. 
juniper webworm.......Dichomeris marginella (¥. 
koa seedworm........Cryptophlebia illepida (Butl.) 
lantana lace bug 
lantana leaf miner 
Cremastobomby-ia lantanella Busck 
lantana plume moth 
Platyptilia pusillodactyla (Wlkr.) 
. Agromyza lantanae Frog. 
Epicnaptera americana (Harr.) 
Coleophora laricella (Hbn.) 
....Pristiphora erichsonii (Htg.) 
Dermestes lardarius L. 
.Archips conflictana (Wlkr.) 
Curculio proboscideus F 
Goniodes gigas (Tasch.) 
Trinoton querquedulae (L.) 
.Oncopeltus fasciatus (Dall. 
Calpodes ethlius (Stoll) 
Monocesta coryli (Say) 


lantana seed fly 
lappet moth 
larch casebearer 
larch sawfly.... 
larger beetle 
large aspen tortrix. . 
large chestnut weevil 
large chicken louse 
large duck louse 

large milkweed bug 
larger canna leaf roller 
larger elm leaf beetle 
larger Mexican pine beetle. 

Dendroctonus parallelocollis Chap. 
larger shot-hole borer. . . .Scolytus sulcatus Lec. 
larger yellow ant.......... Lasius interjectus Mayr 
large tur ey louse Virgula meleagridis (L.) 
larkspur leaf miner . Phytomyza delphiniae Frost 
latrine fly Fannia scalaris (F.) 
lead cable borer Scobicia declivis (Lec.) 
leaf crumpler Mineola indigenella (Zell.) 
leaf-footed bug......... Leptoglossus phyllopus (L.) 
MOROR ORR 2 ce oo eciscec ees Zeuzera pyrina (L.) 
lespedeza webworm . Tetralopha scortealis (Led.) 
lesser appleworm. ...Grapholitha prunivora (Walsh 
lesser bud moth Recurvaria nanella (Hbn.) 
lesser bulb fly . Eumerus tuberculatus Rond. 
lesser canna leaf roller. . .Geshna cannalis (Quaint.) 
lesser clover leaf weevil. . .. Typera nigrirostris (F.) 
lesser cornstalk borer 

Geehviebakoantuws Elasmopal pus lignosellus (Zell. 
lesser grain borer Rhyzopertha dominica (F.) 
lesser mealworm. . . . Alphitobius diaperinus (Panz.) 
lesser migratory grasshopper 

Melanoplus mexicanus mexicanus 
(Sauss.) (solitary phase) 
lesser peach tree borer. 
Synanthedon pictipes (G. & R.) 
Achroia grisella (F.) 
Podosesia syringae syringae (Harr.) 
Gracilaria syringella (F.) 
lily bulb thrips. .........Liothrips vaneeckei Pries. 
lily weevil Agasphaerops nigra Horn 
lima-bean pod borer.... . Etiella zinckenella (Treit.) 
lima-bean vine borer ; 
Vonoptilota pergratialis (Hulst) 
Saperda vestita Say 
Erannis tiliaria (Harr.) 
lined spittlebug Philaenus lineatus (1.) 
lined stalk borer Oligia fractilinea (Grote) 
little black ant..... . J Monomorium minimum Buck. 
little carpenterworm 
Prionorystus macmurtrei (Gueér. 


jesser wax moth 
lilac borer... ... 
lilac leaf miner 


linden looper 
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Wasmannia auropunctata (Roger) 
little house fly Fannia canicularis (L.) 
locust borer... ... . Megacyllene robiniae (Forst.) 
locust leaf miner.........Chalepus dorsatis Thunb. 
locust leaf roller Salebria subcaesiella (Clem.) 
ocust twig borer... ... Ecdytolopha insiticiana Zell. 
lodgepole cone beetle. . Conophthorus contortae Hopk. 
lodgepole needle miner. . . . Reeurvaria milleri Busck 
lodgepole-pine beetle 
Dendroctonus murrayanae Hopk. 
lodgepole sawfly......... Neodiprion burkei Midd. 
lone star tick Amblyomma americanum (L.) 
long-nosed cattle louse... .. Linognathus vituli (L.) 
long-tailed mealybug. .. Pseudococcus adonidum (L.) 
long-winged plains grasshopper 
Dissosteira longipennis (Thos.) 
Brachystola magna (Gir.) 
Actias luna (L.) 


little fire ant 


lubber grasshopper 
luna moth 


magnolia scale. ...Neolecanium cornuparvum (Thro) 
maize billbug Calendra maidis (Chitt.) 
mango weevil Cryptorhynchus mangiferae (F.) 
maple bladder-gall mite 
V asates quadripedes Shimer 
maple callus borer..........! Sylvora acerni (Clem.) 
maple leaf cutter 
Paraclemensia acerifoliella (Fitch) 
maple petiole borer 
Caulocam pus acericaulis (MacG.) 
maple trumpet skeletonizer 
hee ais Deda Mate ty hoa ST anes Epinotia aceriella (Clem.) 
margined blister beetle... picauta pestifera Werner 
masked hunter. Reduvius personatus (L.) 
meadow plant bug...........Miris dolabratus (L.) 
meadow spittlebug...Philaenus leucophthalmus (L.) 
meal moth Pyralis farinalis (L.) 


mealy plum aphid. hae . Hyalo pterus arundinis (F.) 


Mediterranean flour moth. . Ephestia kiihniella Zell. 
Mediterranean fruit fly... Ceratitis capitata (Wied.) 
melon aphid Aphis gossypii Glov. 
melon fly Dacus cucurbitae Coq. 
melonworm. .. . Diaphania hyalinata (L.) 
Mexican bean beetle.....Epilachna varivestis Muls. 
Mexican fruit fly Anastrepha ludens (Loew) 
Mexican mealybug. . .Phenacoccus gossypii T. & C. 
mimosa webworm Homadaula albizziae Clarke 
mining scale. . . Howardia biclavis (Comst.) 
monarch butterfly.......... Danaus plexippus (L.) 
Monterey-pine cone beetle. 
Conophthorus radiatae Hopk. 
Monterey-pine weevil...... Pissodes radiatae Hopk. 
Mormon cricket Anabrus simplex Hald. 
morning-glory leaf miner 
Bedellia somnulentella (Zell.) 
Diplolepis rosae (L.) 
Deloyala guttata (Oliv.) 
Pristiphora geniculata (Htg.) 


mossy rose gall 
mottled tortoise beetle 
mountainash sawfly. . 
mountain pine beetle 
ie Dendroctonus monticolae Hopk. 
mourning-cloak butterfly... Nymphalis antiopa (L.) 
mulberry whitefly Tetraleurodes mori (Quaint.) 
mullein thrips........../ Jeoheegeria vertasci (Osb.) 
mushroom mite......... Tyrophagus lintneri (Osb.) 


Nantucket pine moth... . 
veeeeeeseessseeRhyacionia frustrana (Comst.) 
narcissus bulb fly Lampetia equestris (F.) 
t I q 


Tenodera angustipennis Sauss. 
native elm bark beetle 


Hylurgopinus rufipes (Eichh.) 
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navel orangeworm Myelois venipars Dyar 
negro bug Corimelaena pulicaria (Germ.) 
New Guinea sugarcane weevil 

Rhabdoscelus obscurus (Bdvl.) 
New York weevil. . Ithycerus noveboracensis (Forst.) 
northeastern sawyer. . Monochamus notatus (Drury) 
northern cattle grub Hypoderma bovis (L.) 
northern fow] mite. . Liponissus sylviarum (C. & F.) 
northern house mosquito......... Culex pipiens L. 
northern masked chafer 

ieee rer ery S Cyclocephala borealis Arrow 

northern mole cricket 

Gryllotalpa hexadactyla Perty 
northern rat flea Nosopsyllus fasciatus (Bosc.) 
northwest coast mosquito. ... Aedes aboriginis Dyar 
Norway-maple aphid 

Periphyllus lyropictus (Kess.) 
nose bot fly Gasterophilus haemorrhoidalis (L.) 
nutgrass armyworm. .. . Laphygma exempta (Wlkr.) 
Nuttall blister beetle... ....... Lytta nuttallii Say 


oak sapling borer 

oak skeletonizer 

oak timberworm Arrhenodes minutus (Drury) 
oblique-banded leaf roller 


Chrysomphalus obscurus (Comst.) 
Tapinoma sessile (Say) 
old house borer Hylotrupes bajulus (L.) 
cleander scale..........2 Aspidiotus hederae (Vallot) 
olive fruit fly Dacus oleae (Gmel.) 
olive scale Parlatoria oleae (Colvée) 
omnivorous leaf tier Cnephasia longana (Haw.) 
onion maggot Hylemya antiqua (Meig.) 
onion plant bug Labopidea allii Knight 
onion thrips Thrips tabaci Lind. 
orange-dog Papilio cresphontes Cram. 
orange-striped oakworm 


orange tortrix.........Argyrotaenia citrana (Fern.) 
orchidfly.......... Eurytoma orchidearum (Westw.) 
Oregon fir sawyer... Monochamus oregonensis (Lec.) 
Oregon wireworm..... Melanotus oregonensis (Lec.) 
oriental beetle........ . 2 Anomala orientalis Waterh. 
oriental cockroach Blatta orientalis L. 
oriental fruit fly Dacus dorsalis Hende] 
oriental fruit moth. ....Grapholitha molesta (Busck) 
oriental house fly.............Musea vicina Macq. 
orienta] moth Cnidocampa flavescens (Wlkr.) 
oriental rat flea Yenopsylla cheopis (Rothsch.) 
oval guinea pig louse Gyropus ovalis Nitz 
oystershell scale........... Le pidosaphes ulmi (1..) 


Pacific Coast tick. . . Dermacentor occidentalis Neum. 
Pacific Coast wireworm.......Limonius canus Lee. 
Pacific flatheaded borer... .Chrysobothris mali Horn 
Pacific mite ... Tetranychus pacificus McG. 
Packard grasshopper. . Melanoplus packardii Scudd. 
painted beauty Vanessa virginiensis (Drury) 
painted hickory borer. . Megacyllene caryae (Gahan) 
painted-lady Vanessa cardui (L.) 
painted maple aphid 

Drepanaphis acerifoliae (Thos.) 
pale juniper webworm. .. . Phalonia rutilana (Hbn.) 
pale-sided cutworm Agrotis malefida Guen. 
pale-striped flea beetle Systena blanda Melsh. 
pales weevil Hylobius pales (Hbst.) 
pale tussock moth... . Halisidota tesselaris (A. & S.) 
pale western cutworm.... . / Agrotis orthogonia Morr. 
palmerworm Dichomeris ligulella Hbn. 
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Homaledra sabalella (Chamb.) 
Coloradia pandora Blake 

. Toxotrypana curvicauda Gerst. 
Parlatoria blanchardi (Targ.) 

. Papilio ajar |. 

Depressaria heracliana (L.) 

. Tetramorium caespitum (L.) 

. Macrosiphum pisi (Kltb.) 
Phloeotribus liminaris (Harr.) 

V asates cornutus (Banks) 
Sanninoidea exitiosa (Say) 
Anarsia lineatella Zell. 

. Sitona lineata (L.) 

Las peyresia nigricana (Steph.) 
Thamnosphecia pyri (Harr.) 
Nephopteryx rubrizonella Rag. 
Eriophyes pyri (Pgst.) 
Contarinia pyrivora (Riley) 
Neolygus communis Knight 
Psylla pyricola Foerst. 
Epitrimerus pyri (Nal.) 
Caliroa cerasi (L.) 

Taeniothrips inconsequens (Uzel) 
Bruchus pisorum (L.) 
Gretchena bolliana (Sling.) 
Cossula magnifica (Stkr.) 


pandora moth 
papaya fruit fly. . 
parlatoria date scale 
parsleyworm 
parsnip webworm 
pavement ant 
pea aphid. . 
- ach bark beetle 
yeach silver mite . 
a tree borer 
peach twig borer 
pea leaf weevil. 
pea moth 
pear borer 
pear fruit borer 
pear leaf blister mite 
pear midge... 
pear plant bug 
pear psylla.... 
pear rust mite. . 
pear-slug 
pear thrips. 
pea weevil 
pecan bud moth 
pecan carpenterworm 
pecan casebearer )' 
Cole ophora caryaefoliella Clem. 
Acrobasis juglandis (LeB.) 
Phylloxera notabilis Perg. 
Aceria caryae (Keif.) 
Acrobasis caryae Grote 
Phylloxera devastatrix Perg. 
Curculio caryae (Horn) 
Biston cognataria (Guen.) 
Galeruca browni Blake 
Zonosemata electa (Say) 
Anthonomus eugenti Cano 
Magicicada septendecim (L.) 
Sannina uroceriformis Wlkr. 
. Trioza diospyri (Ashm.) 
Monomorium pharaonis (L.) 
Lopidea davisi Knight 
Diaphania nitidalis (Stoll) 
Pseudolynchia canariensis (Macq.) 
Tremex columba (L.) 
Pseudococcus brevipes (Ckll.) 
Diaspis bromeliae (Kern.) 
Metamasius ritchiei Mshl, 
. Pineus strobi (Htg.) 
. . Phytoptus pint Nal. 
Neophasia menapia (F. & F.) 
Anomala oblivia Horn 
Ips pint (Say) 


pecan leaf casebearer 
pecan leaf phvlloxera 
pecan leafroll mite 
pecan nut casebearer . 
pecan phylloxera 
pecan weevil. . 
pepper and salt moth. . 
peppergrass beetle 
pepper maggot 
pepper weevil 
periodical cicada 
persimmon borer 
persimmon psylla 
Pharaoh ant 
phlox plant bug 
pickleworm 
pigeon fly 
pigeon tremex 
pineapple mealy bug. 
pineapple sc ‘ale 
pineapple weevil. 
pine bark aphid 
pine bud mite 
pine butterfly 
pine chafer 
pine engraver... . 
pine false webworm 
. Acanthol yda erythrocephala (L.) 
.Podapion gallicola Riley 
. Exoteleia pinifoliella (Chamb.) 
. Phenacaspis pinifoliae (Fitch) 
Hylobius radicis Buch. 
{phrophora parallela (Say) 


pine gall weevil. . 
pine needle miner 
pine needle sc vale. . 
pine root collar weevil 
pine spittlebug. . 
pine tortoise scale 
Toumeyella numismaticum (P. & M.) 
pine tube moth... Argyrotaenia pinatubana (Kearf.) 
pine webworm Tetralopha robustella Zell. 
pink bollworm. . . . Pectinophora gossypiella (Saund.) 
pifion cone beetle Conophthorus edulis Hopk. 
pipevine swallowtail Battus philenor (L.) 
pistol casebearer Coleophora malivorella Riley 
pitcherplant mosquito... .Wyeomyia smithii (Coq.) 
pitch mass borer. Vespamima pini (Kell.) 
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Petrova comstockiana (Fern.) 

. Eleodes opaca (Say 
.Conotrachelus nenuphar (Hbst.) 
plum gouger. . . Anthonomus scutellaris Lec. 
plum leafhopper Macropsis trimaculata (Fitch) 
plum web-spinning sawfly. .. 

Neurotoma inconspicua (Nort.) 
polyphemus moth Telea polyphemus (Cram.) 
ponderosa-pine cone beetle 

( ‘onophthorus ponderosae Hopk. 
poplar and willow borer. 


pitch twig moth 
plains false wireworm 
plum curculio 


Cc ‘ryptorh ynchus lapathi (1.) 
poplar borer... .... Saperda calcarata Say 
poplar leaf- folding sawfly 

Nematus (Pontania) bozemani (Cooley) 
poplar tent maker Ichthyura inclusa Hbn. 
poplar vagabond —: 

Mordw ilkoja vagabunda (Walsh) 
potato aphid. eee J facrosiphum solanifoliit (Ashm.) 
potato flea beetle Epitrix cucumeris (Harr.) 
potato leafhopper. . Empoasca fabae (Harr.) 
potato psyllid.... Paratrioza cockerelli (Sulc) 
potato scab gnat. Pnyxia scabiei (Hopk.) 
potato stalk borer Trichobaris trinotata (Say) 
potato stem borer Hydroecia micacea (Esp.) 
potato tuberworm. . . ss Wa axe Rak eS EE 
Gnorimoschema operculella (Zell.) 
._Taematosiphon inodorus (Dugés) 

Altica canadensis (Gent.) 


poultry bug. ... 

prairie flea beetle . 
prairie grain wireworm . 

Ctenicera aeripennis destructor (Brown) 

Myzus ligustri (Mosle y) 

privet leaf miner... .Gracilaria cuculipennella (Hbn.) 

promethea moth Callosamia promethea (Drury) 
Puget Sound wireworm 

Ctenicera aeripennis aeripennis (Kby.) 

purple scale . Lepidosaphes beckii (Newm.) 

purple-spotted lily aphid. 


privet aphid 


Macrosiphum lilii (Monell) 
Megalopye opercularis (A. & 5.) 
Aspidiotus ancylus (Putn.) 
Dorymyrmex pyramicus (Roger) 
Protopulvinaria pyriformis (Ckll.) 


puss caterpillar 
Putnam scale. . 
pyramid ant 
pyriform scale 


Conotrachelus crataegt Walsh 
Glossonotus crataegi (Fitch) 


quince curculio. . . 
quince treehopper 
rabbit louse . Haemodipsus ventricosus (Denny) 
rabbit tick. . 

Hae ma physalis leporis- palustris (Pack.) 
ragweed borer . Epiblema strenuana (Wkr.) 
ragweed plant bug... Chlamydatus associatus (Uhl.) 
raisin moth .Ephestia figulilella Greg. 
range caterpillar . Hemileuca oliviae Ckll. 
range crane fly . Tipula simplex Doane 
rapid plant bug. . Adelphocoris rapidus (Say) 
raspberry cane borer Oberea bimaculata (Oliv.) 
raspberry cane maggot... .Pegomya rubivora (Coq.) 
raspberry leaf roller. .Exartema permundanum Clem. 
raspberry root borer. . . Bembecia marginata (Harr.) 
raspberry sawfly 

. Monophadnoides geniculatus (Htg.) ) 
red-admiral. . Vanessa atalanta ( iL. 
red-backed cutworm 
red-banded leaf roller. . 
Argyrotaenia velutinana (W ikr.) 
red-banded thrips. . 

Selenothrips rubrocinctus (Giard) 
redberry mite. . Aceria essigi (Hassan) 
red mene ant 

C am ponotus hereuleanus pennsylvanicus 

ferrugineus (F.) 
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. Phoenicococcus marlatti Ckll. 
. Magdalis armicollis (Say) 
Tribolium castaneum (Hbst.) 


red date scale... 
red elm bark weevil 
red flour beetle 
red grasshopper mite 

eens eee Eutrombidium trigonum (Herm.) 
re .d harvester ant 

Pogonomyrmex barbatus (F. Smith) 

red-headed ash borer. . .. Neoclytus acuminatus (F.) 
red-headed pine sawfly 


yr waa erythropus (Melsh. ) 

red- leg gged grasshopper 

Melanoplus femur- rubrum (¥ 
red-legged ham beetle 
red milkweed beetle... 

Tetraopes tetrophthalmus (Forst.) 
red-necked cane borer........ Agrilus ruficollis (F.) 
red-necked peanutworm 


Conophthorus resinosae Hopk. 
red-shouldered ham beetle 
YS . Necrobia ruficollis (F.) 
red turnip beetle... . Entomoscelis americana Brown 
red turpentine beetle Dendroctonus valens Lec. 
red-winged pine beetle 
.Dendroctonus rufipennis (Kby.) 
regal moth Citheronia regalis (F.) 
relapsing-fever tick 
Ornithodoros turicata (Dugés) 
resplendent shield bearer 
..Coptodisca splendoriferella (Clem.) 
Rhodes-grass scale Antonina graminis (Mask.) 
rhododendron borer... Ramosia rhododendri (Beut.) 
rhododendron lace bug 
Stephanitis rhododendri Horv. 
rhododendron whitefly 
Dialeurodes chittendeni Laing 
ae Licus concavus Say 
.. Chilo plejadellus Zinck. 
Solubea pugnax (F.) 
rice water weevil... . . . Lissorhoptrus simplex ey? 
rice weevil. Sitophilus oryza (L.) 
ring-legged earwig. .. .Euborellia annulipes (Lucas) 
Rocky Mountain grasshopper 
eee! Melanoplus mexicanus mexicanus 
(Sauss.) (migratory phase) 
Rocky Mountain wood tick 


rhubarb curculio 
rice stalk borer. . 
rice stink bug... .. 


rose aphid. . . 

rose chafer..... . 
rose curculio. . 

rose leaf beetle 

rose leafhopper. . . . 
rose midge 

rose root gall. . 

rose scale 

rose-slug 


Sets Macrosiphum rosae (L.) 

. Macrodactylus subspinosus (F.) 

Rhynchites bicolor (F.) 

. Nodonota puncticollis (Say) 

Typhlocyba rosae (L.) 

Dasyneura rhodophaga (Coq.) 

.. Diplolepis radicum (O. S.) 

. Aulacaspis rosae (Bouché) 

..Endelomyia aethiops (F.) 

rose stem girdler. . . . Agrilus rubicola Abeille 

rosy apple aphid . Anuraphis roseus Baker 

roundheaded apple tree borer. ..Saperda candida F. 

roundheaded fir borer. ...... Tetropitum abietis Fall 
roundheaded pine beetle 

Dendroctonus convexifrons Hopk. 

Xylotrechus colonus (F.) 


Laemophloeus ferrugineus (Steph.) 
rusty plum aphid Hysteroneura setariae (Thos.) 
rusty tussock moth...... . Notolophus antiquus (L.) 
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saddleback caterpillar Sibine stimulea (Clem.) 
saddled leafhopper Colladonus clitellarius (Say) 
saddled prominent... Heterocampa guttivitta (Wlkr.) 
salt-marsh caterpillar Estigmene acrea (Drury) 
salt-marsh mosquito... .. . Aedes sollicitans (Wlkr.) 
sand wireworm Horistonotus uhlerii Horn - 
San Jose scale 
sapwood timberworm 
Saratoga spittlebug 
A phrophora saratogensis (Fitch) 
satin moth Stilpnotia salicis (L.) 
saw-toothed grain beetle 
Oryzaephilus surinamensis (1L.) 
Pomphopoea sayi (Lec.) 
.Chlorochroa sayi Stal 
: Psoroptes equi Gerv. 
scaly-leg mite. . . e ‘nemidocoptes mutans (R. & L.) 
screw-worm .Callitroga americana (C. & P.) 
scurfy scale............ Chionaspis furfura (Fitch) 
secondary screw-worm. .. . Callitroga macellaria (F.) 
seed-corn beetle... .... . Agonoderus lecontei Chaud. 
seed-corn maggot. . . Hylemya cilicrura (Rond.) 
sequoia pitch moth 
Edw.) 


Vespamima sequoiae (Hy. 
serpentine leaf miner Liriomyza pusilla (Meig.) 
shaft louse . Menopon gallinae (L.) 
sheep biting louse Bovicola ovis (L.) 
sheep bot fly........ .Oestrus ovis L. 
sheep follicle mite... . Demoder canis var. ovis Raill. 
sheep scab mite Psoroptes equi var. ovis (Her.) 
sheep-tick Velophagus ovinus (L.) 
short-nosed cattle louse... . 
Haematopinus eurysternus (Nitz.) 
Scolytus rugulosus (Ratz.) 
‘ Bombyx mori (L.) 
Formica fusca var. subsericea Say 
_Metamasius sericeus (Oliv.) 
Lepisma saccharina L. 
Proteides clarus (Cram.) 
Agrilus sinuatus (Oliv.) 
. Dendroctonus obesus (Mann.) 
Pissodes sitchensis Hopk. 
six-spotted leafhopper. .. . Macrosteles divisus (Uhl.) 
six-spotted mite... . Tetranychus sexmaculatus Riley 
slender duck louse... . Anaticola crassicornis (Scop.) 
slender goose louse Anaticola anseris (L.) 
slender guinea louse... . Lipeurus numidae (Denny) 
slender guinea-pig louse Gliricola porcelli (L.) 
slender pigeon louse Columbicola columbae (1.) 
slender turkey louse 
Oxylipeurus polytrapezius (Burm. ) 
small chestnut weevil. . .Curculio auriger Casey 
smaller European elm bark beetle 
Scolytus multistriatus (Marsh.) 
smaller Mexican pine beetle 
Dendroctonus mexicanus Hopk. 
smaller yellow ant.... . Lasius claviger (Roger) 
small milkweed bug. Lygaeus kalmii Stil 
small pigeon louse... . . .Goniocotes bidentatus Scop. 
smartweed borer Pyrausta ainsliei Heinr. 
smeared dagger moth... Acronicta oblinita (A. & S.) 
smut beetle Phalacrus politus Melsh. 
snowball aphid...... . Anuraphis viburnicola (Gill.) 
snowy tree cricket _Oecanthus niveus (Deg.) 
SONU OAc acs civ aie be ees Coccus hesperidum L. 
solitary oak le af miner 
Cameraria hamadryadella (Clem.) 
Contarinia sorghicola (Coq.) 
Celama sorghiella (Riley) 
Prodenia eridania (Cram.) 


Say blister beetle 
Say stink bug. . 
scab mite. . . 


shot-hole borer... 
silkworm. . 

silky ant... 

silky cane weev vil. 
silverfish 
silver-spotted skipper 
sinuate pear tree borer..... 
Sitka-spruce beetle. . . 
Sitka-spruce weevil 


sorghum midge 
sorghum webworm 
southern armyworm 
southern beet webworm 
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southern buffalo gnat... 

southern cabbageworm 

southern corn rootworm 
: . Diabrotica undecim punctata howardi Barb. 

southern cornstalk borer 

Diatraea crambidoides (Grote) 
Solenopsis xyloni McCook 

zara viridula (L.) 


.Cnephia pecuarum (Riley) 
. Pieris protodice B. & L. 


southern fire ant 
southern green stink bug....../ N 
southern house eisted 
es Culex quinquefasciatus Say 
southern lye tus beetle. . Lyctus planicollis Lec. 
southern masked chafer 

Cy noun immaculata (Oliv.) 


southern mole cricket . 


southern pine bee tle. 

De ndroctont us s frontalis Zimm. 
southe ‘rn pine sawyer... . Mono hamus titillator (F.) 
southern red mite. . ..Parat tranychus ilicis (McG.) 
southwestern corn borer. . 


southwestern ‘pine beetle 
. Dendroctonus barberi Hopk. 
Spanish-fly . meek . Lytta vesicatoria (L.) 
spice- -bush swallowtail. . Papilio troilus L. 
spinach flea beetle. . Disonycha xanthomelas (Dalm.) 
spinach leaf miner. ....Pegomya hyoscyami (Panz.) 
spined rat louse Polyplax spinulosa (Burm.) 
spined soldier bug... . .Podisus maculiventris (Say) 
spiny oakworm. . Anisota stigma (F.) 
spirea aphid Aphis spiraecola Patch 
spotted asparagus beetle 
Crioceris duodecimpunctata (L.) 
spotte d be et webworm 
Hymenia perspectalis (Hbn.) 
spotte d blister beetle. .Epicauta maculata (Say) 
spotted cucumber beetle 
. Diabrotica undecimpunctata howardi Barb. 
spotted cutworm Amathes c-nigrum (L.) 
spotted garden slug .Limar maximus L. 
spotted pine sawyer 


_Halisidota maculata (Harr.) 

.Dendroleon obsoletum (Say) 

Paleacrita vernata (Peck) 

; Aphis abietina Whkr. 

Physokermes piceae (Schr.) 

Choristoneura fumiferana (Clem.) 

.Dioryctria reniculella (Grote) 

spruce needle miner... . Taniva albolineana (Kearf.) 

spruce spider mite. . Paratetranychus ununguis (Jac.) 
square-necked grain beetle 

Cathartus quadricollis (Guér.) 

Epilachna borealis (F.) 

Anasa tristis (Deg. 

. Melittia cucurbitae (Harr.) 

Stomoxys calcitrans (L.) 

stalk borer... .. ....Papaipema nebris (Guen.) 

steel-blue lady beetle Orcus chalybeus (Bdvl.) 

sticktight flea .Echidnophaga gallinacea (Westw.) 

stinging rose caterpillar. 

Parasa indetermina (Bdvl.) 

.Nomius pygmaeus (Dej.) 

". Capitophorus fragaefolii (CkIl.) 


spotted tussock moth 
spotted-winged antlion 
spring cankerworm 
spruce aphid 
spruce bud scale 
spruce budworm 
spruce coneworm. 


squi ash beetle 
squash bug 

squash vine borer... 
stable fly. 


stink beetle. 
strawberry 


aphid. . 
strawberry crown borer 


strawberry leaf roller 
Ancylis comptana fragariae (W. & R.) 
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Aphis forbesi Weed 
Brachyrhinus ovatus (1,.) 


strawberry root aphid. ... 
strawberry root weevil. . . 
strawberry spider mite 
Tetranychus atlanticus McG. 
strawberry weevil Anthonomus signatus Say 
strawberry whitefly... .. 
Trialeurodes packardi (Morrill 
Pyemotes ventricosus (Newp.) 
Hemichroa crocea (Foure.) 
E picauta vittata (1.) 
Acalymma vi tit (F.) 
Euxoa tessellata (Harr.) 
. Phyllotreta striolata (¥.) 
.Polia lezitima (Grote 
Tabanus lineola ¥. 
Dieyphus minimus Uhl. 


straw itch mite 
striped alder sawfly 
striped blister beetle 
striped cucumber beetle 
striped cutworm 
striped flea beetle 
striped garden caterpillar. . . 
striped horse fly 


sugar-beet crown borer. . 
Hulstia undulatella (Clem.) 
Pemphigus betae Doane 
. Limonius californicus Mann, 
. Euetheola rugiceps (Lec.) 
Diatraea saccharalis (¥. 


sugar- -beet root aphid 
sugar-beet wireworm. 
sugarcane beetle 
sugarcane borer 
sugarcane leafhopper 
Perkinsiella saccharicida Kirk. 
sugarcane leaf roller. ......Omiodes accepta (But}.) 
sugar-maple borer Glycobius speciosus (Say) 
sugar-pine cone beetle... . 
.Conophthorus lambertianae Hopk. 
sunflower beetle. ...Zyjogramma exclamationis (F.) 
sunflower maggot... . . Strauzia lonjipennis (Wied.) 
sunflower moth . Homoeosoma electellum (Hulst) 
sunflower seed mgeid 
; Lasiopter ra murtfeldtiana Felt 
.Pycnoscelus surinamensis (L.) 
Oeciacus vicarius Horv. 


Surinam roach... 
swallow bug.... 
sweetclover weevil 


Chaetocnema confinis Crotch 
sweetpotato hornworm...... Agrius cingulatus (¥.) 
oer leaf beetle 

game viridicyaneus (Crotch) 
sweetpotato leaf miner... . Bedellia orchilella W\sm. 
sweetpotato leaf roller... " .Pilocrocis tripunctata (F) 
sweetpotato vine borer 
Omphisa anastomasalis (Guen.) 
sweetpotato weevil 
Cylas formicarius elegantulus (Sum.) 
en whitefly 
Bemisia | inconspicua (Quaint.) 
Corythucha ciliata (Say) 
sy “amore tussoc ke moth. . . Halisidota harrisii Walsh 
Tahitian coconut weevil 

Diocalandra taitensis (Guér.) 
tarnished plant bug... .....Lygus oblineatus (Say) 
ten-lined June beetle... .Polyphylla 10-lineata (Say) 
terrapin scale Lecanium nigrofasciatum Perg. 
Texas harvester ant 

.Pogonomyrmex barbatus var. molefaciens (Buckl.) 
Texas leaf- peniee ant... . Atta texana Buckl. 
thief ant. Sole mo psis molesta (Say) 
thistle aphid. . Anuraphis cardui (L.) 
three-banded leafhopper 

Erythroneura tricincta Fitch 
three-cornered alfalfa hopper. 

Stictoce phala. festina (Say) 
three-lined potato beetle... . Lema trilineata (Oliv.) 
three-striped blister beet le. 

Epicauta lemniscata (¥.) 

throat bot fly Gasterophilus nasalis (1..) 
thurberia weevil 

Anthonomus grandis thurberiae Pierce 





lem.) 
oane 
ann, 
Lec.) 

(F.) 


Kirk, 
ut.) 
Say) 
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Felt 
(L.) 
lorv. 
“ahr. 


-otch 
(F.) 
ytch) 
/Ism. 


(F.) 
uen.) 
um.) 
int.) 


Say) 
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Papilio glaucus L. 
tile-horned ea, .Prionus imbricornis (L.) 
tip-dwarf mite. . .. Eriophyes thujae Gar. 
toad bug Gelastocoris oculatus (F.) 
tobacco budworm. . .. Heliothis virescens (F.) 
tobacco flea beetle Epitriz hirtipennis (Melsh.) 
tobacco hornworm.......Protoparce sexta (Johan.) 
tobacco moth...... . Ephestia elutella (Hbn.) 
tobacco stalk borer Trichobaris mucorea (Lec.) 
tobacco thrips........ . Frankliniella fusca (Hinds) 
tobacco wireworr .Conoderus vespertinus (F.) 
tomato fruitworm....... Heliothis armigera (Hbn.) 
tomato hornworm 
mee quinquemaculata (Haw.) 
. .Keiferia lycopersicella (Busck) 
tomato psyllid. . ..Paratrioza cockerelli (Sulc) 
tomato russet mite...... .Vasates destructor (Keif.) 
toothed flea beetle... . Chaetocnema denticulata (Tll.) 
tropical fowl mite Liponissus bursa (Ber].) 
tropical horse tick... ... . Dermacentor nitens Neum. 
tropical rat mite. Liponissus bacoti (Hirst) 
tuber flea beetle. . Epitrizx tuberis Gent. 
tule beetle ....Agonum maculicolle Dej. 
tulip bulb aphid. . .. Anuraphis tulipae (Fonsc.) 
tuliptree aphid. . M acrosiphum liriodendri (Monell) 
tuliptree scale Toumeyella liriodendri (Gmel.) 
tupelo leaf miner Antispila nysaefoliella Clem. 
turkey gnat...........Simulium meridionale Riley 
turnip aphid 
Rhopalosiphum pseudobrassicae (Davis) 
turnip maggot Hylemya floralis (Fall.) 
twice-stabbed lady beetle. ..Chilocorus stigma (Say) 
twig girdler. . . . ....Oncideres cingulata (Say) 
twig pruner.............. Elaphidion villosum (F.) 
two-lined chestnut borer. . Agrilus bilineatus (Web.) 
two-marked treehopper.. . Enchenopa binotata (Say) 
two-spotted lady beetle. . ... Adalia bipunctata (L.) 
two-spotted spider mite 
Tetranychus bimaculatus Harvey 
two-striped grasshopper 


tiger swallowtail 


te ymato pinwo orm. 


two-striped walkingstick 
Anisomor pha buprestoides (Stoll) 


ugly-nest caterpillar... Archips cerasivorana (Fitch) 
unicorn caterpillar. ....Schizwra unicornis (A. & S.) 


vagabond crambus. .. .Crambus vulgivagellus Clem. 
variable oak leaf caterpillar 
Heterocampa manteo (Dbldy.) 
varied carpet beetle... .... . 2 Anthrenus verbasci (L.) 
variegated cutworm. . Peridroma margaritosa (Haw.) 
vedalia ...Rodolia cardinalis (Muls.) 
vegetable weevil. . 
Listroderes costirostris obliquus Klug 
velvetbean caterpillar 
Anticarsia gemmatilis (Hbn.) 
verbena bud moth. . ..Endothenia hebesana (Whlkr.) 
vetch bruchid............ Bruchus brachialis Fahr. 
viburnum aphid... . Anuraphis viburniphila (Patch) 
viceroy.............Basilarchia archippus (Cram.) 
violet aphid Micromyzus violae (Perg.) 
violet sawfly Ametastegia pallipes (Spin.) 
Virginia-creeper sphinx. . Ampeloeca myron (Cram.) 


. .Diapheromera femorata (Say) 
..Chromaphis juglandicola (KItb.) 
Aceria erinea (Nal.) 

Datana integerrima G. & R. 
Rhagoletis completa Cress. 

. Aspidiotus juglans-regiae Comst. 
Cressonia juglandis (A. & S.) 


walkingstick..... 
walnut aphid... 
walnut blister mite 
walnut caterpillar 
walnut husk fly 
walnut scale... .. 
walnut sphinx 


ComMMON NAMEs OF INSECTS 127 


watercress leaf beetle... .Phaedon aeruginosus Suftr. 
watercress sowbug. . Mancasellus brachyurus Harger 
waterlily aphid... . . Rhopalosiphum nymphaeae (L.) 
waterlily leaf beetle Galerucella nymphaeae (L.) 
waterlily leaf cutter... Nymphula obliteralis (Wlkr.) 
wax moth. . Galleria mellonella (L.) 
webbing clothes moth. . . Tineola bisselliella (Hum.) 
western balsam bark beetle 


. .Phyllotreta pusilla Horn 
Trachykele blondeli Marseul 
Ceratophyllus niger Fox 

. Blissus occiduus Barber 


western cedar borer. ... 
western chicken flea 
western chinch bug....... 
western field wireworm 
Limonius infuscatus Mots. 
western grape leaf skeletonizer 
Harrisina brillians B. & McD. 
western grape rootworm Adocus obscurus (L.) 
western harvester ant 
Pogonomyrmex occidentalis (Cress.) 
western peach tree borer 
Sanninoidea evitiosa graefi (Hy. Edw.) 
western pine beetle... . Dendroctonus brevicomis Lec. 
western potato flea beetle 
Epitriz subcrinita (Lec. ) 
western raspberry fruitworm 
Byturus bakeri Barber 
western spotted cucumber beetle. . - 
Diabrotica undecim punctata Mann. 
western striped cucumber beetle 
Acalymma trivittata (Mann. ) 
western striped flea beetle 
Phyllotreta ramosa (Crotch) 


Formica rufa obscuripes Forel 


western tree-hole mosquito 

Aedes varipalpus (Coq.) 
western tussock moth. . Hemerocampa vetusta (Bdvl.) 
western yellow-striped armyworm 


Prodenia praefica Grote 


West Indian fruit fly 
. Anastrepha mombinpraeoptans Sein 
West Indian sweetpotato weevil 
Euscepes postfasciatus (Fairm.) 
wharf borer ....+..-Nacerdes melanura (L.) 
wheat head armyworm 
. .Protoleucania albilinea (Hbn.) 
wheat jointworm.........Harmolita tritici (Fitch) 
wheat midge . Sitodiplosis mosellana (Gehin) 
wheat stem maggot..... Meromyza americana Fitch 
wheat stem sawfly . . ....Cephus cinctus Nort. 
wheat straw-worm. Harmolita grandis (Riley) 
wheat wireworm .. .Agriotes mancus (Say) 
wheel bug Arilus cristatus (L.) 
white “a leafhopper. . Typhlocyba pomaria McA. 
white cutworm Euzxoa scandens (Riley) 
white-fringed beetle 
Graphognathus leucoloma (Boh.) 
Celerio lineata (F.) 
.. Ptinus fur L. 


white-lined sphinx 
white-marked spider beetle. . 
white-marked tussock moth. . 
Hemerocam pa leucostigma (A. & 5S.) 
white peach scale 
Pseudaulacaspis pentagona (Targ.) 
white-pine aphid 


Cinara strobi (Fitch) 
white-pine cone beetle 
Conophthorus coniperda (Schw.) 
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Neodiprion pinetum (Nort.) 
.... Pissodes strobi (Peck) 


white-pine sawfly. . 
white-pine weevil. . 
white-spotted sawyer 


Monochamus scutellatus (Say) 
.. Rhynchaenus rufipes (Lec.) 
. Nematus (Pteronidea) ventralis Say 
.. Janus abbreviatus (Say) 

.. Lipeurus caponis (L.) 
Dermacentor albipictus (Pack.) 
.. Spaelotis clandestina (Harr.) 
Prociphilus tessellatus (Fitch) 
Eriosoma lanigerum (Hausm.) 
Eriosoma americanum (Riley) 
....Eriosoma pyricola Baker 
Aleurothrixus floccosus (Mask.) 


willow sawfly . . 
willow shoot sawfly 
wing louse. . . 
winter tick. . 
w-marked cutworm 
woolly alder aphid 
woolly apple aphid 
woolly elm aphid. . 
woolly pear aphid. . 
woolly whitefly. . 


Aedes aegypti (L.) 
Septis arctica (Freyer) 
Acleris minuta (Rob.) 


yellow-fever mosquito 
yellow-headed cutworm. . . 
yellow-headed fireworm 
yellow-headed leafhopper . ; 
ST Carneoce phala flavice ps (Riley) 
yellow-headed spruce sawfly................... 
Pikonema alaskensis (Roh.) 
yellow-margined leaf beetle 
Microtheca ochroloma Stal 
yellow mealworm Tenebrio molitor L. 
yellow-necked caterpillar. .Datana ministra (Drury) 
yellow scale..............Aonidiella citrinia (Coq.) 
yellow-striped armyworm 
Prodenia ornithogalli Guen. 
Sipha flava (Forbes) 
Diacrisia virginica (F.) 
Pissodes yosemite Hopk. 
Tegeticula yuccasella (Riley) 
.. .Halticotoma valida Reut. 


yellow sugarcane aphid 
yellow woollybear. .. 
Yosemite bark weevil 
yucca moth 

yucca plant bug 


zebra caterpillar 
Zimmerman pine moth 
Dioryctria zimmermani (Grote) 
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II. Insects ListeD By ScrenTIFIC NAMES 


Abacarus hystrix (Nal.)............ grain rust mite 
Acalymma trivittata (Mann.)..... 
western striped cucumber beetle 
Acalymma vittata (F.)..... striped cucumber beetle 
Acantholyda erythrocephala (L.)...........0006% 
pine false webworm 
bean weevil 


Acanthoscelides obtectus (Say) 
.. grain mite 


Acarus siro L 
Aceratagallia sanguinolenta (Prov.) 

clover leafhopper 

pecan leafroll mite 

walnut blister mite 

....redberry mite 

fig mite 

citrus bud mite 

blueberry bud mite 

elder shoot borer 

.... field cricket 

house cricket 

lesser wax moth 

yellow-headed fireworm 


black-headed budworm 


Aceria caryae (Keif.) 
Aceria erinea (Nal.). . 
Aceria essigi (Hassan) 
Aceria ficus (Cotte)... . 
Aceria sheldoni (Ewing) 
Aceria vaccinii (Keif.). . 
Achatodes zeae (Harr.). 
Acheta assimilis F 
Acheta domestica L... . 
Achroia grisella (F.).. 
Acleris minuta (Rob.) 
Aeleris variana (Fern.) . 
Acrobasis caryae Grote. ..pecan nut casebearer 
Acrobasis juglandis (LeB.) pecan leaf casebearer 
Acronicta americana (Harr.). American dagger moth 
Acronicta lepusculina Guen 

cottonwood dagger moth 
Acronicta oblinita (A. & S.)...smeared dagger moth 
Acrosternum hilare (Say) green stink bug 
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Actebia fennica (Tausch.)..... black army cutworm 
Actias luna (L.)........ luna moth 
Adalia bipunctata (L.).. . . .two-spotted lady beetle 
Adelphocoris lineolatus (Goeze)... . alfalfa plant bug 
Adelphocoris rapidus (Say)... . rapid plant bug 
Adoxus obscurus (.)...... western grape rootworm 
Aedes aboriginis Dyar northwest coast mosquito 
Aedes aegypti (L.).... . .yellow-fever mosquito 
Aedes cantator (Coq.)... brown salt-marsh mosquito 
Aedes sollicitans (Wlkr.). . . .. .salt-marsh mosquito 
Aedes squamiger (Coq.).. 
California salt-marsh mosquito 
Aedes sticticus (Meig.)........ floodwater mosquito 
Aedes varipalpus (Coq.). western tree-hole mosquito 
Aegeria apiformis (Clerck) hornet moth 
Agasphaerops nigra Horn .....lily weevil 
Agonoderus lecontei Chaud. . .seed-corn beetle 
Agonum maculicolle Dej.. . . . .tule beetle 
Agrilus anxius Gory... bronze birch borer 
Agrilus bilineatus (Web.)..two-lined chestnut borer 
Agrilus rubicola Abeille. . . . rose stem girdler 
Agrilus ruficollis (F.) .. red-iecked cane borer 
Agrilus sinuatus (Oliv.) sinuate pear tree borer 
Agriotes mancus (Say) . .... Wheat wireworm 
Agrius cingulatus (F.) . sweetpotato hornworm 
Agromyza lantanae Frog. . .lantana seed fly 
Agromyza parvicornis Loew . .corn blotch leaf miner 
Agrotis malefida Guen........ .pale-sided cutworm 
Agrotis orthogonia Morr. pale western cutworm 
Agrotis ypsilon (Rott.) . . .... black cutworm 
Alabama argillacea (Hbn.) . cotton leafworm 
Alaus oculatus (L.).... eyed click beetle 
Aleurocanthus woglumi Ashby citrus blackfly 
Aleurothrixus floccosus (Mask.) woolly whitefly 
Aleyrodes azaleae B. &. M..... azalea whitefly 
Allantus cinctus (L.)...... curled rose sawfly 
Alniphagus aspericollis (Lec.) alder bark beetle 
Alphitobius diaperinus (Panz.). . . .lesser mealworm 
Alsophila pometaria (Harr.) . fall cankerworm 
Altica ambiens (Lee.)...... alder flea beetle 
Altica canadensis (Gent.) . prairie flea beetle 
Altica chalybea (Ill.)..... grape flea beetle 
Alypia octomaculata (F.).... eight-spotted forester 
Amathes c-nigrum (L.).. .spotted cutworm 
Amblyomma americanum (L.) ..lone star tick 
Amblyomma cajennense (F.).. . . . Cayenne tick 
Amblyomma maculatum Koch Gulf Coast tick 
Ametastegia glabrata (Fall.).. . . .dock sawfly 
Ametastegia pallipes (Spin.). . violet sawfly 
Ampeloeca myron (Cram.)_ . Virginia-creeper sphinx 
Ampeloglypter sesostris (Lec.) . grape cane gall maker 
Amphicerus bicaudatus (Say)... ...apple twig borer 
Anabrus simplex Hald Mormon cricket 
Anagrapha falcifera (Kby.). . ..celery looper 
Anaphothrips obscurus (Miill.) grass thrips 
Anarsia lineatella Zell. . peach twig borer 
Anasa armigera (Say). horned squash bug 
Anasa tristis (Deg.)........... 2.00. squash bug 
Anastrepha ludens (Loew) Mexican fruit fly 
Anastrepha mombinpraeoptans Sein 
West Indian fruit fly 
Anaticola anseris (1..) . slender goose louse 
Anaticola crassicornis (Scop.)....slender duck louse 
Anavitrinella pampinaria (Guen.).............. 
cranberry spanworm 
Ancylis comptana fragariae (W. & R.)... 2.2... 
Jools seis eisie pes} eee oe 14'y SURO WRGERY 1eAe TOHEr 
Anisomorpha buprestoides (Stoll) 
two-striped walkingstick 
Anisota rubicunda (F.). . .green-striped mapleworm 
Anisota senatoria (A. & S.).... 0. ccc eee eee 
orange-striped oakworm 





orm 
noth 
petle 

bug 

bug 
orm 
juito 
juito 
juito 
uito 


ju ito 
fuito 
juito 
noth 
evil 
2etle 
-etle 
orer 
orer 
dler 
orer 
orer 
orm 
orm 
1 fly 
iner 
orm 
orm 
orm 
orm 
etle 
kfly 
efly 
efly 
wily 
etle 
orm 
orm 
etle 
etle 
etle 
ster 
orm 
tick 
tick 
tick 
wily 
wfly 
1inx 
iker 
prer 
‘ket 
yper 
rips 
orer 
bug 
bug 
. fly 


“fly 
use 
use 
rm 
ler 


tick 
orm 


orm 


Antonina graminis (Mask.). . 
Anuraphis bakeri (Cowen) 
Anuraphis cardui (L.)... . 
Anuraphis maidi-radicis (F orbes) . .corn root aphid 
Anuraphis persicae-niger (Smith) . black peach aphid 
Anuraphis roseus Baker. . . 
Anuraphis tulipae (Fonsc.). . 
Anuraphis viburnicola (Gill.).......snowball aphid 
Anuraphis viburniphila (Patch)....viburnum aphid 
Aonidiella aurantii (Mask.). . .. 
Aonidiella citrina (Coq.) 

Aphis abbreviata Patch. . 

_ abietina Wlkr. ...... Spruce aphid 
Aphis fabae Scop.. bean aphid 
Aphis forbesi Weed. 
Aphis gossypii Glov.. 
Aphis hederae Kltb..... ivy aphid 
Aphis illinoisensis Shimer 
Aphis maidis Fitch. . . . ..corn leaf aphid 
Aphis medicaginis Koch . 

Aphis pomi Deg 

Aphis spiraecola Patch. ... 
Aphrophora parallela (Say).. 
Aphrophora saratogensis (Fitch) 


Apis mellifera L 

Araecerus fasciculatus (Deg.) . . . 
Archips argyrospila (Wlkr.).. . 
Archips cerasivorana (Fitch). . 
Archips conflictana (Whlkr.) 
ATChins POCGObGM: CEIAEES 5.5 /a's/s 0 0's tie six sees ois 
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.. Spiny oakworm 
. .pine chafer 
oriental beetle 


Anisota stigma (F.)... 
Anomala oblivia Horn ee 
Anomala orientalis Waterh.... . . 
Anopheles quadrimaculatus Say 
common malaria mosquito 
Anthonomus eugenii Cano. pepper weevil 
Anthonomus grandis Boh boll weevil 
Anthonomus grandis thurberiae Pierce........... 
thurberia weevil 
cranberry weevil 
..plum gouger 
strawberry weevil 


Anthonomus musculus Say 
Anthonomus scutellaris Lec... . . 
Anthonomus signatus Say 
Anthophila pariana (Clerck) 
apple and thorn skeletonizer 
Anthrenus scrophulariae (L.)......... carpet beetle 
Anthrenus verbasci (L.)........ varied carpet beetle 
Anthrenus vorax (Waterh.) .furniture carpet beetle 
Anticarsia gemmatilis (Hbn.). velvetbean caterpillar 
Antispila nysaefoliella Clem. .tupelo leaf miner 
Rhodes-grass scale 
clover aphid 
. . thistle aphid 


rosy apple aphid 
tulip bulb aphid 


California red scale 
yellow scale 
buckthorn aphid 


. .strawberry root aphid 
cotton aphid, melon aphid 


.grapevine aphid 


cowpea aphid 
.apple aphid 
es spirea aphid 
pine spittlebug 


Saratoga spittlebug 
honey bee 

coffee bean weevil 
.fruit tree leaf roller 
ugly-nest caterpillar 
large aspen tortrix 


oblique-banded leaf roller 


Argas persicus (Oken) fowl tick 
Argyresthia conjugella Zell... 
Argyresthia thuiella (Pack.)...arborvitae leaf miner 
Argyrotaenia citrana (Fern.).... 
Argyrotaenia juglandana (Fern.) . hickory leaf roller 
Argyrotaenia mariana (Fern.)...........0.0.0008 


. apple fruit moth 


. orange tortrix 


gray-banded leaf roller 


Argyrotaenia pinatubana (Kearf.)..pine tube moth 
Argyrotaenia velutinana (Wlkr.) 


red-banded leaf roller 


Arce creptatua(,) cosas cove sieve: wheel bug 
Aristotelia fragariae Busck .strawberry crown miner 
Arrhenodes minutus (Drury) . . 
Asarcopus palmarum Horv.. . . . datebug 
Asphondylia websteri Felt. 
Aspidiotus ancylus (Putn.)... 
Aspidiotus britannicus Newst........... holly scale 
Aspidiotus californicus Colm.. .black pine leaf scale 
Aspidiotus camelliae Sign. 
Aspidiotus destructor Sign. 
Aspidiotus forbesi Johns. 


oak timberworm 


alfalfa gall midge 
. Putnam scale 


greedy scale 
coconut scale 
Forbes scale 
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Aspidiotus hederae (Vallot). oleander scale 
Aspidiotus howardi Ckll.. . . . Howard scale 
Aspidiotus ithacae (Ferris) hemlock scale 
Aspidiotus juglans-regiae Comst....... walnut scale 
Aspidiotus ostreaeformis Curt.. European fruit scale 
Aspidiotus perniciosus Comst........San Jose scale 
Aspidiotus uvae Comst grape scale 
Asterolecanium variolosum (Ratz.). golden oak scale 
Atta terana Buckl .. Texas jeaf-cutting ant 
Attagenus piceus (Oliv.)........black carpet beetle 
Atteva aurea (Fitch)...........ailanthus webworm 
Aulacaspis rosae (Bouché).............. rose scale 
Autographa californica (Speyer)... . . alfalfa looper 
Automeris io (F.) io moth 
Autoplusia egena (Guen.)... . bean leaf skeletonizer 
Autoserica castanea (Arrow) .. Asiatic garden beetle 


Basilarchia archippus (Cram.) viceroy 
Battus philenor (L.)..... ....pipevine swallowtail 
Bedellia orchilella Wism.. .. .sweetpotato leaf miner 
Bedellia somnulentella (Zell.). 0... 06. oe eee 
morning-glory leaf miner 
Bembecia marginata (Harr.). . .raspberry root borer 
Bemisia inconspicua (Quaint.) 
.sweetpotato whitefly 
pepper and salt moth 
. oriental cockroach 
.. German cockroach 
hairy chinch bug 


Biston cognataria (Guen.). . 
Blatta orientalis L 
Blattella germanica (L.). 
Blissus hirtus Montd.. .. 
Blissus leucopterus (Say) . . chinch bug 
Blissus occiduus Barber western chinch bug 
Bomiyx mori (L.)....... . silkworm 
Boophilus annulatus (Say)... . cattle tick 
Bourletiella hortensis (Fitch). . garden springtail 
Bovicola bovis (L.)....... cattle biting louse 
Bovicola caprae (Gurlt) ..goat biting louse 
Bovicola equi (L.). horse biting louse 
Bovicola limbatus (Gerv.) . .angora goat biting louse 
Bovicola ovis (L.) . .sheep biting louse 
Brachyrhinus ligustici (L.)..... alfalfa snout beetle 
Brachyrhinus ovatus (L.)... .strawberry root weevil 
Brachyrhinus sulcatus (F.)....... black vine weevil 
Brachystola magna (Gir.)...... .lubber grasshopper 
Bregmatothrips iridis Watson. ..........iris thrips 
Brevicoryne brassicae (L.).... cabbage aphid 
Bruchophagus gibbus (Boh.) clover seed chalcid 
Bruchus brachialis Fahr.. . vetch bruchid 
Bruchus pisorum (L.)... . pea weevil 
Bruchus rufimanus Boh.. broadbean weevil 
Bryobia praetiosa Koch. ... . .clover mite 
Bucculatrix ainsliella Murté. . .oak skeletonizer 
Bucculatrix canadensisella Chamb 
birch skeletonizer 
Bucculatrix thurberiella Busck . cotton leaf perforator 
Byturus bakeri Barber. western raspberry fruitworm 
Byturus rubi Barber. .eastern raspberry fruitworm 
Caenurgina erechtea (Cram.) forage looper 
Calendra aequalis (Gyll.) clay-colored billbug 
Calendra maidis er: ¥ maize billbug 
Caliroa cerasi (L.).... pear-slug 
Calligrapha scalaris (Lec.) elm calligrapha 
Callitroga americana (C. .).e eee. SCPEW-Worm 
Callitroga macellaria (F. . . secondary screw-worm 
Callopistria floridensis (¢ Rill gona iatseeses 
Florida fern caterpillar 
Callosamia promethea (Drury) ..... promothea moth 
Callosobruchus maculatus (F.). cowpea weevil 
Calosoma calidum (F.)... . fiery hunter 
Calpodes ethlius (Stoll) larger canna leaf roller 
Cameraria cincinnatiella (Chamb.).. .. 
gregarious oak leaf miner 
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Cameraria hamadryadella (Clem.).............. 
pe ST eee solitary oak leaf miner 
Camnula pellucida (Scudd.)................0045 
Pile tH Necd «tk oni ewes clear-winged grasshopper 
Camponotus abdominalis floridanus (Buckl 
Sit a ache ares crom nie eae Florida carpenter ant 
Camponotus herculeanus pennsylvanicus (Deg.)... 
5S orale SS Wie oie eaters Ore black carpenter ant 
Camponotus herculeanus pennsylvanicus ferrugineus 


EGR stot pu wiewesaSeaaive em red carpenter ant 
Capitophorus fragaefolii (Ckll.) . . pratt aphid 
Capitophorus ribis (L.)...... currant aphid 


Carneocephala flavice ps (Riley). Pre rere ae 
yellow-headed leafhopper 
nee codling moth 
..dried-fruit mite 
.corn sap beetle 
..dried-fruit beetle 


Carpocapsa pomonella (L.)... 
Carpoglyphus lactis (L.).... 
Carpophilus dimidiatus (F.) 
Carpophilus hemipterus (L.). . 
Cathartus quadricollis (Guér.). . 
a ee ane Ps Sees _square- -necked grain beetle 
Caulocampus acericaulis (MacG.) . 
ry Per eee re eee maple petiole borer 
Caulophilus latinasus (Say)... ... 
sit asain broad-nosed grain weevil 
( ‘ecidophyes gossypii (Banks) cotton blister mite 
Cecidophyes ribis (Nal.).. currant bud mite 
Celama sorghiella (Riley) . sorghum webworm 
Celerio lineata (F.).. white-lined sphinx 
Cephus cinctus Nort... .. wheat stem sawfly 
Cephus pygmaeus (L.).European wheat stem sawfly 
Cephus (Trachelus) tabidus (F.).. 
black grain stem sawfly 
zebra caterpillar 


Ceramica picta (Harr.).. . 
Ceratitis capitata (Wied.). . Mediterranean fruit fly 
Ceratomia catalpae (Bdvl.). .catalpa sphinx 
Ceratophyllus gallinae (Schr.). European chicken flea 
Ceratophyllus niger Fox. . . western chicken flea 
Ceresa bubalus (F.)... buffalo treehopper 
Ceroplastes cirripediformis Comst.....barnacle scale 
Ceroplastes floridensis Comst. . Florida wax scale 
Cerotoma trifurcata (Forst.).. .bean leaf beetle 
Ceutorhynchus assimilis (Payk.).. 
eee. cabbage seedpod weevil 
( ‘eutorhynchus quadridens (Panz.).. 
ep see c ne seedstalk curculio 
Ceutorhynchus rapae Gyll.. . cabbage curculio 
Chaetocnema confinis Crotch...............0006 
. .sweetpotato flea beetle 
. toothed flea beetle 


Chaetocnema denticulata (Ill. ) 
Chaetocnema ectypa Horn. . . .desert corn flea beetle 
Chaetocnema pulicaria Melsh.. . ... .corn flea beetle 
Chalcodermus aeneus Boh......... .cowpea curculio 
Chalepus dorsalis Thunb... . locust leaf miner 
Chaoborus astictopus D. & S.......Clear Lake gnat 
Chelymorpha cassidea (F.).....argus tortoise beetle 
Chermes abietis L.... eastern spruce gall aphid 
Chermes cooleyi Gill. . Cooley spruce gall aphid 
Chilo plejadellus Zinck. . .Tice stalk borer 
Chilo simplex (Butl.) . ....Asiatie rice borer 
Chilocorus stigma (Say) . .twice-stabbed lady beetle 
Chion cinctus (Drury).......banded hickory borer 
Chionaspis americana Johns.......elm scurfy scale 
Chionaspis corni Cooley. . dogwood scale 
Chionaspis furfura (Fitch)......... . .seurfy scale 
Chlamydatus associatus (Uhl.) .. .ragweed plant bug 
Chlorochroa ligata (Say) ; . .conchuela 
Chlorochroa sayi Stal... . .Say stink bug 
Choristoneura fumiferana (Clem.)..spruce budworm 
Chorizagrotis auxiliaris (Grote)... .. army cutworm 
Chortophaga viridifasciata (Deg.)............... 

een meadow locust 


Chromaphis juglandicola (Kltb.)...... walr.ut aphid 
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Chrysobothris femorata (Oliv.)..........00000005 
ea) ee: flatheaded apple tree borer 

Chrysobothris mali Horn... . Pacific flatheaded borer 

Chrysobothris tranquebarica (Gmel.)............ 

Bas Fa RA A AU Re ie Australian-pine borer 
Chrysomela scripta F........ cottonwood leaf beetle 
Chrysomela tremulae F.. .aspen leaf beetle 
Chrysomphalus aonidum (L. “§ Leeda |. Florida red scale 
Chrysompahlus dictyospermi (Morg.).. ie 

SSRI EAE Dec. DU Aenea oe dictyospermum scale 


Chrysomphalus obscurus (Comst.)..... obscure scale 
Chrysomphalus tenebricosus heer )..gloomy scale 
Chrysopa oculata Say. . - lacewing 
Cimbex americana Leach. . .eseeeee-@lm sawfly 
Cimes leotulariue L..... 0.0.0... cece ceees bed bug 


Cinara strobi (Fitch).............white-pine aphid 
Cingilia catenaria (Drury). .chain-spotted geometer 
Circulifer tenellus (Baker)........ beet leafhopper 
Cirphis unipuncta (Haw.).. .. .. armyworm 
Citheronia — (F.) 

* horned devil, regal moth 
Cladius isomerus Nort.. . bristly rose-slug 
Clastoptera proteus F itch....... dogwood spittlebug 
Clytoleptus albofasciatus (C. & G.). grape trunk borer 
Cnemidocoptes gallinae (Raill.).... .depluming mite 
Cnemidocoptes mutans (R. & L.)..... scaly-leg mite 
Cnephasia longana (Haw.)..... omnivorous leaf tier 
Cnephia pecuarum (Riley)....southern buffalo gnat 
Cnidocampa flavescens (Wlkr.) . .. oriental moth 
Coccus hesperidum L.............. . .soft scale 
Coccus pseudomagnoliarum (Kuw.). . .citricola scale 
Coccus viridis (Green)................. green scale 
Colaspis flavida (Say)....... ...grape colaspis 
Coleophora caryaefoliella C lem.. 


PERL a oS NOE Lee ecan cigar casebearer 
Coleophora laricella (Hbn.)....... larch casebearer 
Coleophora limosipennella (Dup.)....elm casebearer 
Coleophora malivorella Riley... . . . pistol casebearer 
Coleophora occidentis Zell......... .cigar casebearer 
Coleophora pruniella Clem. ..cherry casebearer 
Coleophora salmani Heinr......... birch casebearer 
Colias philodice eurytheme Bdvl. . .alfalfa caterpillar 
Colias philodice philodice Latr......clouded sulphur 
Colladonus clitellarius (Say)... ..saddled leafhopper 
Colopha ulmicola (Fitch)...... elm cockscomb gall 
Coloradia pandora Blake............ pandora moth 
Columbicola columbae (L.).....slender pigeon louse 
Conoderus amplicollis > D chsharoree Gulf wireworm 
Conoderus vespertinus (F.)....... tobacco wireworm 
Conophthorus coniperda (Schw.).. 

Nera Pasi bea of aciels © ar ebeae wha white-pine cone beetle 
Conophthorus contortae Hopk. .lodgepole cone beetle 
Conophthorus edulis Hopk........ pifion cone beetle 
Conophthorus lambertianae Hopk............... 

Nike eck Ranuw ema sugar-pine cone beetle 
Conophthorus ponderosae Hopk................. 

Se eats anert ponderosa-pine cone beetle 
Conophthorus radiatae | RR IRS eee 

See rears Monterey-pine cone beetle 
Conophthorus resinosae Hopk.. . red-pine cone beetle 
Conotrachelus crataegi Walsh. ... . . .quince curculio 
Conotrachelus nenuphar (Hbst.)...... plum curculio 
Contarinia johnsoni (Sling.).. . grape blossom midge 
Contarinia pyrivora (Riley)............ pear midge 


Contarinia sorghicola (Coq.) ....... sorghum midge 
Coptodisca splendoriferella (Clem.)............. 
ASSURE oat feiesee nce mete resplendent shield bearer 


Corimelaena pulicaria (Germ.)... 
Corthylus columbianus Hopk................... 
ES ED Sipe RRR ERE Se). Columbian timber beetle 
Corydalus cornutus (L.)... .dobsonfly, hellgrammite 
Corythucha celtidis O. & D...... hackberry lace bug 
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Corythucha ciliata (Say)........ sycamore lace bug 
Corythucha cydoniae (Fitch)... .. hawthorn lace bug 
Corythucha gossypii (F.)........... cotton lace bug 
Corythucha marmorata (Uhl.)..............2..4. 
RS UR a ae chrysanthemum lace bug 
Corythucha ulmi O. & D...... 2.6.6... elm lace bug 


Cosmopolites sordidus (Germ.) . . .banana root borer 
Cossula magnifica (Stkr.)..... pecan carpenterworm 


Cotinis nitida (L.).............. green June beetle 
Crambus caliginosellus Clem... .corn root webworm 
Crambus teterrellus (Zinck.). . . .bluegrass webworm 
Crambus topiarius Zell. ..........cranberry girdler 
Crambus vulgivagellus Clem. . ... vagabond crambus 
Craponius inaequalis (Say)......... grape curculio 


Cremastobombycia lanianella Busck............. 
Juin Sle Ne New ckataare GSES lantana leaf miner 


Cressonia juglandis (A. & S.)........ walnut sphinx 


Crioceris asparagi (L.).. asparagus beetle 
Crioceris duodecim punctata (L. % eT ok eked 
ee eet Cee spotted asparagus beetle 
Croesus latitarsus Nort......... dusky birch sawfly 
Crymodes devastator (Brace)... .. ..glassy cutworm 
Cryptococcus fagi (Baer.)....... . .beech scale 


Cryptophlebia illepida (Butl.)...... . .koa seedworm 
Cryptorhynchus lapatii (L.).poplar and willow borer 
Cryptorhynchus mangiferae (F.)...... mango weevil 
Ctenicera aeripennis aeripennis (Kby.).......... 

Rey Oe a eee: Puget Sound wireworm 
Ctenicera aeripennis destructor (Brown)........... 

Re a een prairie grain wireworm 
Ctenicera inflata (Say)......... dry-land wireworm 
Ctenicera pruinina noxia (Hyslop).......... 

Rea ASS La SRL Great Basin wireworm 
Ctenocephalides canis (Curt.)........ . .dog flea 
Ctenocephalides felis (Bouché). . ......eat flea 
Cuclotogaster heterographus (Nitz. 

JRE cul es asalte onan chicken head louse 
Culex pipiens L.......... northern house mosquito 
Culex quinquefasciatus Say .southern house mosquito 
Curculio auriger Casey.......small chestnut weevil 
Curculio caryae (Horn).............. pecan weevil 
Curculio proboscideus F....... large chestnut weevil 
Curculio uniformis (Lec.)........... filbert weevil 
Cyclocephala borealis Arrow. .........600000005 

PTS ith a ape ens ite northern masked chafer 
Cyclocephala immaculata (Oliv.)............... 

ETS ERY CM Sere southern masked chafer 
Cylas enced elegantulus (Sum.)............ 

acs Seen and sweetpotato weevil 


Dactylopius coccus Costa... . . . .cochineal insect 
Dacus cucurbitae Coq........ -melon fly 
Dacus dorsalis Hendel. . oriental fruit fly 
Dacus oleae (Gmel.)..... 2.2.62. 000. olive fruit fly 
Danaus plexippus (L.).. ..monarch butterfly 
Dasyneura leguminicola (Lint. ‘a .clover seed midge 
Dasyneura rhodophaga (Coq.).......... rose midge 
Dasyneura trifolii (Loew)... .....clover leaf midge 


Datana integerrima G. & R....... walnut caterpillar 
Datana ministra (Drury). .yellow-necked caterpillar 
Deinocerites cancer Theob....... crab-hole mosquito 
Deloyala guttata (Oliv.)..... mottled tortoise beetle 
Demodex bovis Stiles............ cattle follicle mite 
Demodex canis Leydig............ dog follicle mite 


..Sheep follicle mite 
..goat follicle mite 


Demodex canis var. ovis Raill. 
Demodex caprae Raill......... 


Demodex cati Mégn.......... ....eat follicle mite 
Demodex equi Raill.............. horse follicle mite 
Demodex folliculorum (Simon)......... follicle mite 
Demodex phylloides Csokor..... hog follicle mite 
Dendroctonus approximatus Dietz............... 


Colorado pine beetle 
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Dendroctonus arizonicus Hopk. . Arizona pine beetle 
Dendroctonus barberi Hopk..................4. 
southwestern pine beetle 


Dendroctonus borealis Hopk.... Alaska spruce beetle 
Dendroctonus brevicomis Lec.....western pine beetle 
Dendroctonus convexifrons Hopk Hee eee 


DUA rnd Ad Ok sink b> el roundheaded pine beetle 
Dendroctonus engelmanni Hopk.. 

POT eer TTT ete et Engelmann: spruce beetle 
Dendroctonus frontalis Zimm. . .southern pine beetle 
Dendroctonus jeffreyi Hopk..... . Jeffrey pine peetle 
Dendroctonus mexicanus Hopk................. 

Be ee eke smaller Mexican pine beetle 
Dendroctonus micans (Kug.) .European spruce beetle 
Dendroctonus monticolae Hopk.............. 

io: Sp oss o'ol's (aes Sakae oo, te mountain pine beetle 
Dendroctonus murrayanae Hopk................ 

Se es Moe ec gama lodgepole-pine beetle 
Dendroctonus obesus (Mann.) .. .Sitka-spruce beetle 
Dendroctonus parallelocollis C hap re ae 

T aifedcaw’ ii rete larger Mexican pine beetle 
Dendroctonus piceaperda Hopk.......... 

SRNL Loh ceive Meee te eastern spruce beetle 
Dendroctonus ponderosae Hopk. . . Black Hills beetle 
Dendroctonus pseudotsugae Hopk SPS PS 


WEE See tty cee atin ren Allegheny spruce beetle 
Dendroctonus rufipennis (Kby.)..............5. 

EOE SER a VAT EO red-winged pine beetle 
Dendroctonus simplex Lec... . . .eastern larch beetle 


Dendroctonus terebrans (Oliv.).. . 
black turpentine beetle 
. .red turpentine beetle 


Dendroctonus valens Lec.. 
Dendroleon obsoletum (Say). . 

B Pe eee eg ei ace Aisha act cisterns spotted- winged antlion 
Depressaria heracliana (L.)...... parsnip webworm 
Dermacentor albipictus (Pack.). . .. winter tick 
Dermacentor andersoni Stiles.................0445. 

ore ir eae Rocky Mountain wood tick 
Dermacentor nitens Neum....... . tropical horse tick 
Dermacentor occidentalis Neum. . . Pacific Coast tick 
Dermacentor variabilis (Say)..... American dog tick 
Dermanyssus gallinae (Deg.)......... chicken mite 
Dermatobia hominis (L., Jr.)...... . . human bot fly 
Dermestes ater Deg.. . . .black larder beetle 
Dermestes lardarius L.. . . larder beetle 
Dermestes maculatus Deg...... a . hide beetle 
Derocrepis erythropus (Melsh.)................. 
.. .red-legged flea beetle 
Desmia funeralis (Hbn.)... grape leaf folder 
Diabrotica balteata Lec... . . banded cucumber beetle 
Diabrotica longicornis (Say)........ corn rootworm 
Diabrotica undecimpunctata Mann........... 

..... western spotted cucumber be setle 

Diabrotica undecim punetata howardi Barber. . 

southern corn rootworm, spotted cucumber beetle 
Diacrisia virginica (F.).......... yellow woollybear 
Dialeurodes chittendeni Laing.............. 

LE, ROE GRR He BR EE EE rhododendron whitefly 
Dialeurodes citri (Ashm.). . .citrus whitefly 
Dialeurodes citrifolii (Morg. ) eee ee 

Sutera ae peas cloudy a whitefly 
Diaphania hyalinata (L.)..... -melonworm 
Diaphania nitidalis (Stoll)............ pickleworm 
Diapheromera femorata (Say). . walkingstick 
Diarthronomyia hypogaea (Loew) Deere ee 

POE eds. ou chrysanthemum gall midge 
Diaspis bromeliae (Kern.).......... pineapple scale 
Diaspis carueli Targ................. juniper scale 
Diaspis echinocacti (Bouché) . cactus scale 
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Diatraea crambidoides (Grote) 
southern cornstalk borer 
Diatraea grandiosella Dyar.southwestern corn borer 
Diatraea saccharalis (F.). . . .Sugarcane borer 
Dichelonyx backi (Kby.)..... green rose chafer 
Dichomeris ligulella Hbn.... . palmerworm 
Dichomeris marginella (F.) juniper webworm 
Dicyphus minimus Uhl. . . ..suckfly 
Diocalandra taitensis (Guér.). . . 
Tahitian coconut weevil 
Dioryctria reniculella (Grote). .. Spruce coneworm 
Dioryctria zimmermani (Grote) 
Zimmerman pine moth 
Diplolepis radicum (O. S.). .rose root gall 
Diplolepis rosae (L.)....... “mossy rose gall 
Diprion (Gilpinia) hercyniae (Htg.)..... 
.. European spruce sawfly 
Diprion simile (Htg.).......introduced pine sawfly 
Disonycha zanthomelas (Dalm.)..spinach flea beetle 
Dissosteira carolina (L.) Carolina grasshopper 
Dissosteira longipennis (Thomas) . 
. .long-winged plains grasshopper 
Dorymyrmex pyramicus (Roger) pyramid ant 
Drepanaphis acerifoliae (Thos.)..... 
..painted maple aphid 
Dryocoetes confusus Swaine... 
western balsam bark beetle 
Dysdercus mimulus Husse »y.Arizona cotton stainer 
Dysdercus suturellus (H.-S.) cotton stainer 


..imperial moth 


Eacles imperialis (Drury).... 
locust twig borer 


Ecdytolopha insiticiana Zell 
Echidnophaga guilinacea (Westw.) sticktight flea 
Elaphidion villosum (F.) twig pruner 
Elasmopal pus anne RE aise lien tots 
.lesser cornstalk borer 
plains false wireworm 
potato leafhopper 
.apple leafhopper 


Eleodes opaca (Say). » 
Empoasca fabae (Harr.). . 
Empoasca maligna (W. alsh) . 
Enchenopa binotata (Say). . .two- marked tree hopper 
Endelomyia aethiops (F.). . rose-slug 
Endothenia hebesana (Wikr.). .... verbena bud moth 
Ennomos subsignarius (Hbn.) ..elm spanworm 
Entomoscelis americana Brown. .. .red turnip beetle 
Eomenacanthus stramineus (Nitz.).............. 
chicken body louse 
..almond moth 
tobacco moth 
raisin moth 
. Mediterranean flour moth 
. .bidens borer 
ragweed borer 
imbricated snout beetle 


Ephestia cautella (W Ikr.). 
Ephestia elutella (Hbn.). . 
Ephestia figulilella Greg 
Ephestia kiihniella Zell.. 
Epiblema otiosana (Clem.). 
Epiblema strenuana (Whkr.) 
Epicaerus imbricatus (Say). . 
Epicauta cinerea (Forst.). . . . .clematis blister beetle 
Epicauta fabricii (Lec.). . . .. .ash-gray blister beetle 
Epicautalemniscata (F.)..............2.4-. 
three-striped blister beetle 
Epicauta maculata (Say)..... spotted blister beetle 
Epicauta penn sylvanica (Deg.). . black blister beetle 
Epicauta pestifera Werner margined blister beetle 
Epicauta vittata (F. Ds .striped blister beetle 
Epicnaptera americana (Harr. ) EOE. lappet moth 
Epidiaspis piricola (Del Guer.).. . Italian pear scale 
Epilachna borealis (F.) squash beetle 
Epilachna varivestis Muls. . Mexican bean beetle 
Epinotia aceriella (Clem.). . 
maple trumpet skeletonizer 
. pear rust mite 


Epitrimerus pyri (Nal.). . 
potato flea beetle 


Epitrix cucumeris ( Harr.). 
Epitriz fuscula Crotch . .eggplant flea beetle 
Epitriz hirtipennis (Melsh.)... . .tobacco flea beetle 
Epitrix subcrinita (Lec.). western potato flea beetle 
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tuber flea beetle 
.currant fruit fly 
linden looper 
-azalea bark scale 
“pine leaf blister mite 
tip-dwarf mite 
grape erineum mite 

. woolly elm aphid 
woolly apple aphid 
woolly pear aphid 
beet leaf beetle 

.. grape sawfly 


Epitrix tuberis Gent... .. 
Epochra canadensis Loew. . . . 
Erannis tiliaria (Harr.).... . 
Eriococcus azaleae Comst. . 
Eriophyes pyri (Pgst.)... 
Eriophyes thujae Gar... . 
Eriophyes vitis (Pgst.)...... 
Eriosoma americanum (Riley) . . 
Eriosoma lanigerum (Hausm.) 
Eriosoma pyricola Baker. . 
Erynephala puncticollis (Say) 
Erythraspides vitis (Harr.) 
Erythroneura tricincta Fitch . 
three-banded leafhopper 
salt-marsh caterpillar 
lima-bean pod borer 
.ring-legged earwig 
. .sugarcane beetle 


Estigmene acrea (Drury). . . 
Etiella zinckenella (Treit.).. . 
Euborellia annulipes (Lucas) 
Euetheola rugiceps (Lec.). . . 
Eumerus tuberculatus Rond. _lesser bulb fly 
Euphoria inda (L.)..... _.bumble flower beetle 
Eurytoma orchidearum (Westw.) orchidfly 
Euscepes postfasciatus (Fairm.) . 
West Indian sweetpotato weevil 

Eutrombicula alfreddug?si (Oud.) . .chigger 
Eutrombidium trigonum (Herm.)............. 

red grasshopper mite 
Euxoa messoria (Harr.)... .dark-sided cutworm 
Euxoa ochrogaster (Guen.).... .red-backed cutworm 
Euzxca scandens (Riley). white cutworm 
Euzxoa tessellata (Harr.)..........5 striped cutworm 
Euzophera semifuneralis (Wlkr.).... 

.American plum borer 
Evergestis rimosalis (Guen.) . 
cross- 3-stripe “d cabbageworm 
Evorysoma vitis (Saund.) grape seed chalcid 
Exartema permundanum Clem, .raspberry leaf roller 
Exoteleia pinifoliella (Chamb.)..pine needle miner 


little house fly 
latrine fly 

cat louse 

..dingy cutworm 
..granulate cutworm 
. European alder leaf miner 
birch leaf miner 

..elm leaf miner 

.grape rootworm 
European earwig 

. Allegheny mound ant 
silky ant 


Fannia canicularis (L.)... . 
Fannia scalaris (F.) 
Felicola subrostrata (Nitz.) 
Feltia subgothica (Haw.) 
Feltia subterranea (F.) 
Fenusa dohrnii (Tisch.) 
Fenusa pusilla (Klug) . . 
Fenusa ulmi Sund... . . 
Fidia viticida Walsh... 
Forficula auricularia L.. . 
Formica exsectoides Forel 
Formica fusca var. subsericea Say 
Formica rufa obscuripes Forel 

_. western thatching ant 
Frankliniella fusca (Hinds). . . tobacco thrips 
Frankliniella tritici (Fitch) . . flower thrips 
Fundella pellucens Zell.. Caribbean pod borer 


peppergrass beetle 
..cherry leaf beetle 
..waterlily leaf beetle 
.elm leaf beetle 
wax moth 

_ eggplant lace bug 
bassw ood lace bug 
nose bot fly 
-horse bot fly 


Galeruca browni Blake. . 
Galerucella cavicollis (Lec.) 
Falerucella nym phaeae (L.). 
Galerucella xanthomelaena (Schr.)... 
Galleria mellonella (L.) 
Gargaphia solani Heid.. 
Gargaphia tiliae (Walsh). . 
Gasterophilus haemorrhoidalis (L.) 
Gasterophilus intestinalis (Deg.) 
Gasterophilus nasalis (L.) . . throat bot fly 
Gelastocoris oculatus (F.) . . toad bug 
Geshna cannalis (Quaint.). . . . lesser canna leaf roller 
Gliricola porcelli (L.)..... . .slender guinea-pig louse 
Glossonotus crataegi (Fitch) quince treehopper 
Glycobius speciosus (Say) sugar-maple borer 
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Gnathocerus cornutus (F.).........cccccecccecnes 
broad-horned flour beetle 
Gnorimoschema 1 opercule lla (Zell.) . potato tuberworm 
Goes tesselatus (Hald.)........... oak sapling borer 
Goniocotes bidentatus Scop.. . small pigeon louse 
Goniocotes hologaster Nitz.. . 
Goniodes dissimilis Nitz.. . . 
Goniodes gigas (Tasch.)... .. 
Goniodes numidae Mjoberg. . . 
Gossyparia spuria (Mod.)... 
Gracilaria azaleella Brants. . 
Gracilaria cuculipennella (Hbn.) 
Gracilaria negundella Chamb.. . 
Gracilaria syringella (F.)..... 
Graphognathus leucoloma (Boh.)... 
white-fringed beetle 
Grapholitha interstinctana (Clem.).............. 
clover head caterpillar 
Grapholitha molesta (Busck) oriental fruit moth 
Grapholitha packardi (Zell.)......cherry fruitworm 
Grapholitha prunivora (Walsh)... . lesser appleworm 
Gretchena bolliana (Sling.)... . .pecan bud moth 
Gryllotalpa hexadactyla Perty . northern mole cricket 
Gynaikothrips ficorum (March.) .Cuban-laurel thrips 
Gyropus ovalis Nitz oval guinea pig louse 


brown chicken louse 
. .large chicken louse 
.guinea feather louse 
European elm scale 
_azalea leaf miner 
..privet leaf miner 
_boxelder leaf roller 
. .lilac leaf miner 


Haemaphysalis chordeilis (Pack.).......... bird tick 
Haemaphysalis leporis-palustris (Pack.) . rabbit tick 
Haematopinus adventicius Neum . hog louse 
Haematopinus asini (L.)....... horse sucking louse 
Haematopinus eurysternus (Nitz.)............4. 
. .Short-nosed cattle louse 
Haematopinus quadripertusus Fahrenh 
cattle tail louse 
Haematosiphon inodorus (Dugés)...... . poultry bug 
Haemodipsus ventricosus (Denny)... ...rabbit louse 
Halisidota caryae (Harr.)..... hickory tussock moth 
Halisidota harrisii Walsh. ..sycamore tussock moth 
Halisidota maculata (Harr.) ..spotted tussock moth 
Halisidota tessellaris (A. & S.)...pale tussock moth 
Halticotoma valida Reut.... .. ..yucca plant bug 
Halticus bracteatus (Say) . . garden fleahopper 
Harmolita grandis (Riley) . .. Wheat straw-worm 
Harmolita tritici (Fitch) . .. Wheat jointworm 
Harpipteryx xylostella (1 ) re 
European honeysuckle leaf roller 
Harrisina americana (Guér.).............00645 
grape leaf skeletonizer 
Harrisina brillians B. & McD. 
western grape ‘leaf skeletonizer 
Hedia variegana (Hbn.)........... green budworm 
Heliothis armigera (Hbn.).. 
bollworm, corn earworm, tomato fruitworm 
Heliothis ononis (Ca) 2 ee flax bollworm 
Heliothis virescens (F.)... tobacco budworm 
Heliothrips haemorrhoidalis (Bouché) 
greenhouse thrips 
Hellula undalis (F.). cabbage webworm 
Hemerocampa leucostigma OR OR oie coscxccscks 
white-marked tussock moth 
Hemerocam pa pseudotsugata McD.. eee 
Douglas-fir tussock moth 
Hemerocam pa vetusta (Bdvl.) . western tussock moth 
Hemichroa crocea (Fourc.)..... striped alder sawfly 
Hemileuca maia (Drury). . . ..buck moth 
Hemileuca oliviae Ckll.. . range caterpillar 
Hemitarsonemus latus (Banks) . . .. broad mite 
Hercinothrips femoralis (Reut.) . 
banded greenhouse thrips 
Hercothrips fasciatus (Perg.)........... bean thrips 
Heterocampa guttivitta (Wlkr.)...saddled prominent 
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Heterocampa manteo (Dbldy.).............0045 
variable oak leaf caterpillar 
Hippodamia convergens Guér 
convergent lady beetle 


Homadaula albizziae Clarke mimosa webworm 


Homaledra sabalella (Chamb.).................-. 
palm leaf skeletonizer 
sunflower moth 


Homoesoma electellum (Hulst) 
Hoplocampa cookei (Clarke) 
Hoplocampa testudinea (Klug) 

European apple sawfly 
Horistonotus uhlerii Horn..........sand wireworm 
Howardia biclavis (Comst.).. mining scale 
Hulstia undulatella (Clem.)................ 

sugar-beet crown borer 
Hyalophora cecropia (L.)...... .cecropia moth 
Hyalopterus arundinis (F.)..... mealy plum aphid 
Hydroecia micacea (Esp.)........ potato stem borer 
Hylastinus obscurus (Marsh.)..... clover root borer 
Hylecoetus lugubris Say sapwood timberworm 
Hylemya abdena Hall... .... . carnation tip maggot 
Hylemya antiqua (Meig.)............onion maggot 
Hylemya brassicae (Bouché)...... . cabbage maggot 
Hylemya brunnescens (Zett.)..... carnation maggot 
Hylemya cilicrura (Rond.)...... seed-corn maggot 
Hylemya floralis (Fall.).............turnip maggot 
Hylobius pales (Hbst.)............... pales weevil 
Hylobius radicis Buch ane root collar weevil 
Hylotrupes bajulus (L.)............old house borer 
Hylurgopinus rufipes (Eichh.) . . 

native elm bark beetle 
Hymenia perspectalis (Hbn.) .spotted beet webworm 
Hymenia recurvalis (F.).Hawaiian beet webworm 
Hypena humuli (Harr.)................ hop looper 
Hypera nigrirostris (F.). . . .lesser clover leaf weevil 
Hypera postica (Gyll.).............. alfalfa weevil 
Hypera punctata (F.)............ clover leaf weevil 
Hyphantria cunea (Drury) fall webworm 
Hypoderma bovis (L.).........northern cattle grub 
Hypoderma lineatum (De Vill.).common cattle grub 
Hyponomeuta padella (L.)............ ermine moth 
Hypothenemus hispidulus (Lec.) . .apple twig beetle 
Hypsopygia costalis (F.)........... clover hayworm 
Hysteroneura setariae (Thos.) rusty plum aphid 


cottony-cushion scale 
poplar tent maker 

. .pine engraver 
Iridomyrmex humilis Mayr. r. ..... Argentine ant 
Ischnaspis longirostris (Sign. ” .. black thread scale 
Tsia isabella (A. &S.)......... banded woollybear 
Itame ribearia (Fitch............currant spanworm 
Ithycerus noveboracensis (Forst.). . . New York weevil 
Itonida catalpae (Comst.)........... catalpa midge 
Itonida citrulli Felt .. .cucurbit midge 
Ixodes ricinus scapularis Say... . .black-legged tick 


Icerya purchasi Mask 
Ichthyura inclusa Hbn.. . . 
Ips pini (Say) 


Janus abbreviatus (Say)........ willow shoot sawfly 

Janus integer (Nort.). . ..currant stem girdler 

Jonthonota nigripes (Oliv.)........... 
black-legged tortoise beetle 


Kakimia houghtonensis (Troop). . 

gooseberry witchbroom aphid 
Keiferia glochinella (Zell.)...... eggplant leaf miner 
Kevferia lycopersicella (Busck) . . ..tomato pinworm 


Labopidea allit Knight............onion plant bug 
Lacinipolia renigera (Steph.)..... . bristly cutworm 
Laemophloeus ferrugineus (Steph.).............4.. 

rusty grain beetle 
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flat grain beetle 
.. hemlock looper 
narcissus bulb fly 
. .clover stem borer 

.nutgrass armyworm 
.. beet armyworm 


Laemophloeus pusillus (Schénh.). . 
Lambdina fiscellaria (Guen.). . . 
Lam petia equestris (F.). .. 
Languria mozardi Latr.. . 
Laphygma exempta (Whkr.). . 
Laphygma exigua (Hbn.). 
Laphygma frugiperda (A. & S.).... .fall armyworm 
Lasioderma serricorne (F.). . .cigarette beetle 
Lasioptera murtfeldtiana Felt. .sunflower seed midge 
Lasius claviger (Roger). . . .smaller yellow ant 
Lasius interjectus Mayr. ..larger yellow ant 
Lasius niger alienus americanus Emery . 

cornfield ant 
_ .hickory shuckworm 


Laspeyresia caryana (F itch)... 


Laspeyresia nigricana (Steph. ) .pea moth 
Latrodectus mactans (F.)....... black widow spider 
Lecanium cerasorum Ckll.............. calico scale 


. European fruit lecanium 
Lecanium fletcheri Ckll.. .. ..Fletcher scale 
Lecanium nigrofasciatum Perg. .. terrapin scale 
Lecanium persicae (F’.)....... European peach scale 
Lecanium prunastri (Fonsc.)......... globose scale 
Lema trilineata (Oliv.) . . . .three-lined potato beetle 
Lepidosaphes beckii (Newm.).......... purple scale 
Lepidosaphes camelliae Hoke... .... . camellia scale 
Lepidosaphes ficus (Sign.) . . ...... fig scale 
Lepidosaphes gloverii (Pack.) ..Glover scale 
Lepidosaphes ulmi (L.) . . . .oystershell scale 
Lepisma saccharina L.. . . . Silverfish 
Leptinotarsa decemlineata (Say) ' 

: _..... Colorado potato beetle 
Leptinotarsa juncta (Germ.).... .false potato beetle 
Leptocoris trivittatus (Say)........ .. boxelder bug 
Leptoglossus phyllopus (L.) . .leaf-footed bug 
Lethocerus americanus (Leidy) .... . giant water bug 
Ligyrus gibbosus (Deg.) . .carrot beetle 
Limax maximus L.............spotted garden slug 
Limonius agonus (Say)... .. eastern field wireworm 
Limonius californicus Mann...sugar-beet wireworm 
Limonius canus Lec....... . Pacific Coast wireworm 
Limonius infuscatus Mots.. .western field wireworm 
Limonius subauratus Lec.. 

Ie ee. Columbia Basin wireworm 
Limothrips cerealium Hal..............grain thrips 
Linognathus setosus (Olf.)........dog sucking louse 
Linognathus stenopsis (Burm.)...goat sucking louse 
Linognathus vituli (L.)...... long-nosed cattle louse 
Liothrips floridensis (Watson)... ... camphor thrips 
Liothrips vaneeckei Pries.......... lily bulb thrips 
Tapeurus caponie (Ty)... 2.2... ccccces wing louse 
Lipeurus numidae (Denny)... .slender guinea louse 
Liponissus bacoti (Hirst)... . .. tropical rat mite 
Liponissus bursa (Ber).) . .tropical fowl mite 
Liponissus sylviarum (C. & F.)..northern fowl mite 
Liposcelis divinatorius (Miill.) booklouse 
Liriomyza pusilla (Meig.).....serpentine leaf miner 
Lissorhoptrus simplex (Say) . .rice water weevil 
Listroderes costirostris obliquus Klug Soe 

ecree ite eiadnicne om tete aoe ea tee vegetable weevil 
Listronotus oregonensis (Lec.)........ carrot weevil 
Lithophane antennata (Wlkr.)...... green fruitworm 
Lizus concavus Say.............. rhubarb curculio 
Lopidea dakota Knight .caragana plant bug 
Lopidea davisi Knight . ..phlox plant bug 
Loxostege commixtalis (W Ikr.).... .alfalfa webworm 
Loxostege similalis (Guen.) . . garden webworm 
Loxostege sticticalis (L.) . . .. beet webworm 
Lucanus elaphus F.... . ..giant stag beetle 
Luperodes brunneus (Crotch). . ..corn silk beetle 


Lecanium corni Bouché. . 


Lyctus planicollis Lec........ southern lyctus beetle 
Lygaeus kalmii Stal... 
Lygidea mendax Reut.... 


..small milkweed bug 
..apple red bug 
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. .grapevine looper 
.tarnished plant bug 

_. Nuttall blister beetle 
. .Spanish-fly 


Lygris diversilineata (Hbn.) 
Lygus oblineatus (Say)... . 
Lytta nuttallii Say . . 
Lytta vesicatoria (L.) 
Macrodactylus subspinosus (F.) rose chafer 
Macronoctua onusta Grote ....4ris borer 
Macropsis trimaculata (Fitch)... ..plum leafhopper 
Macrosiphoniella sanborni (Gill.)............... 
Re ce COR ee chrysanthemum aphid 
Macrosiphum granarium (Kby.)............... 
dies, MOMs CRS Rs cae rn a eae English grain aphid 
Macrosiphum lilii (Monell)... ................ 
EE purple-spotted lily aphid 
Macrosiphum lirtodendri (Monell)... .tuliptree aphid 
Macrosiphum pisi (Kltb.).............. pea aphid 
Macrosiphum rosae (L.)..... ....rose aphid 
Macrosiphum rudbeckiae (Fitch). .goldenglow aphid 
Macrosiphum solanifolii (Ashm.)... .. potato aphid 
Macrosteles divisus (Uhl.)... .six-spotted leafhopper 
Magdalis aenescens Lec... .bronze apple tree weevil 
Magdalis armicollis (Say)... ... red elm bark weevil 
Magdalis barbita (Say)... .. . black elm bark weevil 
Magicicada septendecim (L.)...... periodical cicada 
Malacosoma americanum (F.)..... 
PRO eee eastern tent caterpillar 
Malacosoma californicum (Pack.)............. 
gees ein ia: 0 wis Genesee UPON California tent caterpillar 
Malacosoma dissiria Hbn.. .. .forest tent caterpillar 
Malacosoma pluviale (Dyar).. 
eh eee ca WORN edts Sl ola GEN western tent cate pillar 


Mamestra configurata Wlkr...... bertha armyworm 
Mancasellus brachyurus Harger. . watercress sowbug 
Mantis religiosa L............... European mantis 
Marmara elotella (Busck)..... ..apple bark miner 


Marmara pomonella Busck....... apple fruit miner 
Megacyllene caryae (Gahan). . painted hickory borer 
Megacyllene robiniae (Forst.)......... locust borer 
Megalopyge crispata (Pack.) . .crinkled flannel moth 
Megalopyge opercularis (A. & S.)....puss caterpillar 
Melanogramyza simplex (Loew)... .asparagus miner 
Melanocallis caryaefoliae (Davis)........... 

a re aoe eee black pecan aphid 
Melanophila consputa Lec.......... charcoal beetle 
Melanophila drummondi (Kby.). 

Rhine nahi eats eae Ge flatheaded fir borer 
Melanophila fulvoguttata (Harr.)..... hemlock borer 
Melanoplus bivittatus (Say) 


ee cee is Ae hr: .two-striped grasshopper 
Melanoplus differentialis (Thos.)............... 

Ore differential grasshopper 
Melanoplus femur-rubrum (Deg.).. 

Riscacentsueteer red- legged grasshopper 
Melanoplus mexicanus devasiator Scudd.. 

Dd Pee Tap ee Meena el < devastating grasshoppe r 
Melanoplus mexicanus mexicanus (Sauss.)...... . 

.. lesser migratory grasshopper (solitary phase) 

..Rocky Mountain grasshopper (migratory phase) 
Melanoplus packardii Scudd.. . Packard grasshopper 
Melanotrichus althaeae (Hussey).......... 

| POR Gather Rae ania hollyhock plant bug 


Melanotus oregonensis (Lec.)..... Oregon wireworm 
Melissopus latiferreanus (Wlsm.).. .filbertworm 
Melitara dentata (Grote)......... blue cactus borer 
Melittia cucurbitae (Harr.)....... squash vine borer 
Melittomma sericeum (Harr.)..chestnut timberworm 
Melophagus ovinus (L.)................ sheep-tick 
Menopon gallinae (L.).............+55: shaft louse 


Meromyza americana Fitch. ....wheat stem maggot 
Metamasius hemipterus (L.)..............06555 

pt ees Oe West Indian cane weevil 
Metamasius ritchiei Mshl......... pineapple weevil 
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Myzus persicae (Sulz.) 


Nacerdes melanura (L.). 
Necrobia ruficollis (F.).. .red- shouldered ham beetle 
Necrobia rufipes (Deg.)..... 
Nemapogon granella (L.). . 
Nematocampa limbata (Haw.)...... filament bearer 
Nematus (Pontania) bozemani (Cooley)......... 


Neodiprion abietis (Harr.) 
Neodiprion americanus banksianae Roh.. . 





Neodi prion burkei Midd. 
Neodiprion lecontei (Fitch). .red-headed pine sawfly 


February 1950 
Metamasius sericeus (Oliv.)....... silky cane weevil 
Metriona bicolor (F.)......... golden tortoise beetle 


Microcentrum retinerve (Burm.)................ 
-angular-winged katydid 
Microcentrum rhombifolium a) Eee 
eee ty pees broad-winged katydid 
Micromyzus violae (Perg.)............ violet aphid 
Microtheca ochroloma Stal.................0045 
RRR ATA it ey yellow-margined leaf beetle 
Mindarus abietinus Koch....... balsam twig aphid 
Mineola indigenella (Zell.) . . .leaf crumpler 
Mineola vaccinii (Riley) . . cranberry fruitworm 


Miris dolabratus (L.).... .meadow plant bug 
Monarthropalpus buxi (Laboulb. Di ea erkcmenth en 
ea hee ere. boxwood leaf miner 
Monellia costalis (Fitch)... . . black-margined aphid 
Monocesta coryli (Say)....... larger elm leaf beetle 


Monochamus maculosus (Hald.)................ 
5 hata ice, aoe Naa ee ate oak eee spotted pine sawyer 
aM onochamus marmorator (Kby.)............... 
OE St et ee balsam-fir sawyer 
Monochamus notatus (Drury) . .northeastern sawyer 


Monochamus oregonensis (Lec.)...Oregon fir sawyer 
Monochamus scutellatus (Say). ................ 
LEI I | Jee Se white-spotted sawyer 
Monochamus titillator (F.)... .southern pine sawyer 
Monomorium minimum Buckl eer little black ant 
Monomorium pharaonis (L.).......... Pharaoh ant 
Mononychus vulpeculus (F.)............ iris weevil 


Monophadnoides geniculatus (Htg.) See ene 
. .raspberry sawfly 
Monoptilota pergratialis (Hulst). ore reer eee. 
niole Pst etter lima-bean vine borer 


Mordwilkoja vagabunda CNUGIE eg asisarcice cms. 
ee ie oe IS: poplar vagabond aphid 
Murgantia histrionica (Hahn)....... harlequin bug 


Musca domestica L................00000s house fly 
Musca vicina Macq. ....oriental house fly 
Muscina stabulans (Fall.)........... false stable fly 
Mycodiplosis alternata Felt.dogwood club-gall midge 
Myelois venipars Dyar ......navel orangeworm 
Myzocallis kahawaluokalani Kirk............... 
...crapemyrtle aphid 
M yzocallis ulmifolii (Monell) stiaseent elm leaf aphid 
Myzus cerasi (F.)....... .. black cherry aphid 
Myzus circumflerus (Buck. Deis cateruuh devas tae lal erates 
SEO at Rein rae ean crescent-marked lily aphid 
Myzus convolvuli 40 foxglove aphid 
Myzus ligustri (Mosley) heh ae privet aphid 
..green peach aphid 


.wharf borer 


.red-legged ham beetle 
.. European grain moth 


. poplar leaf- folding sawfly 
Nematus (Pteronidea) ribesii TS ee 

«is aes eases eee ae imported currantworm 
Nematus aaa ventralis ined Bestar nara tan 

. .Willow sawfly 

Neoborus amoenus ‘(Re ut. Weccares ...ash plant bug 

Neoclytus acuminatus (F.). . . .red-headed ash borer 

.balsam-fir sawfly 


jack-pine sawtly 
. .lodgepole sawfly 


Neodiprion pinetum (Nort.)......white-pine sawfly 
Neodiprion tsugae Midd..... . . hemlock sawfly 
Neoheegeria verbasci (Osb.).......... mullein thrips 


ComMMoN NaAMEs OF INSECTS 135 


Neolecanium cornuparvum (Thro)....magnolia scale 
Neolygus caryae Knight... . -hickory plant bug 
Neolygus communis Knight......... pear plant bug 
Neophasia menapia (F.& F.)........ pine butterfly 
Nephelodes emmedonia (Cram.)... bronzed cutworm 
Nephopteryx rubrizonella Rag.......pear fruit borer 
Nepticula gossypii F. & L... . ‘cotton leaf miner 
Neurotoma inconspicua (Nort.)................ 
a Se ee plum web-spinning sawfly 
Nezara viridula (L.)......southern green stink bug 
Nilotaspis halli (Green)................ Hall scale 
Niptus hololeucus (Fald.) . . golden spider beetle 
Nodonota puncticollis (Say)......... rose leaf beetle 
Nomius pygmaeus (Deg.). . . _. stink beetle 
Nosopsyllus fasciatus (Bosc.) . northern rat flea 
Notolophus antiquus (L.).......rusty tussock moth 
Nygmia phaeorrhoea (Donov.).. . . .brown-tail moth 
Nymphalis antiopa (L.)...mourning-cloak butterfly 
Nymphula obliteralis (Wlkr.).. . waterlily leaf cutter 


Nysius ericae (Schill.) . .false chinch bug 
Oberea bimaculata (Oliv.)..... raspberry cane borer 
Oberea tripunctata (Swed.)..... dogwood twig borer 
Oecanthus nigricornis nigricornis Wlkr. 

Shanes Cee a Oe MO RVR rank black-horned tree cricket 
Oecanthus nigricornis quadripunctatus Beut...... 

Deh e OR me Ae . .four-spotted tree cricket 
Oecanthus niveus (Deg.)......... snowy tree cricket 


Oeciacus vicarius Horv... .. 
Oestrus ovis L.. 
Oligia fractilinea (Grote) y lined stalk borer 
Omiodes accepta (Butl.). . sugarcane leaf roller 
Omiodes blackburni (Butl.). ..... coconut leaf roller 
Omphisa anastomosalis caer: Mele wetuitite oe taken es 
.sweetpotato vine borer 
......twig girdler 
. large milkweed bug 
.. Bruce spanworm 


.. swallow bug 
sheep bot fly 


Oncideres cingulata (Say ). 
Oncopeltus fasciatus (Dall. a 
Operophtera bruceata (Hulst) 


Orcus chalybeus (Bdvl.)...... steel-blue lady beetle 
Ornithodoros turicata (Dugés) . . .relapsing-fever tick 
Orthezia insignis Browne... ... greenhouse orthezia 


Oryzaephilus surinamensis (L.)............. 

Re aS Se ee Ee saw-toothed grain beetle 
Oscinella frit |S eee eee rece frit fly 
Otobius megnini (Dugés)................. ear tick 
Carne diaainaaaiel eT) ee 

......slender turkey louse 


Pachnaeus litus (Germ.). . . .citrus root weevil 
Pachynematus extensicornis (Nort.)....grass sawfly 
Pachypsylla celtidis-mamma (Flet.). . 
ee eee Te hackberry nipple gall 
Pachyzancla bipunctalis (F.).........0...... 
ROR Leer ere southern beet webworm 
Paleacrita vernata (Peck)... ... .spring cankerworm 
Palorus subdepressus (Woll.)..............004- 
depressed flour beetle 
Panchlora cubensis Sauss.........Cuban cockroach 
Pantographa limata G. & R.... .basswood leaf roller 
Pantomorus godmani (Crotch)... . Fuller rose beetle 
Papaipema nebris (Guen.)..... ..stalk borer 
Papaipema purpurifascia (G. & R.). 
SETAC: Re ee columbine borer 
Papilio ajax L.. 
ere black swallowtail, cele ry worm, parsleyworm 
Papilio cresphontes Cram. _orange-dog 
Papilio glaucus L.. tiger swallowtail 
Papilio troilus L...... spice-bush swallowtail 
Paracalocoris hawleyi Knight........ hop plant bug 
Paraclemensia acerifoliella (Fitch).............. 
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(Bdv}.) 
_stinging rose caterpillar 
citrus red mite 
southern red mite 


Parasa indetermina 


Paratetranychus citrt (McG.) 
Paratetranychus ilicis ( MoG). Me 
Paratetranychus maa (C. & F.) 
European red mite 
Paratetranychus simplex (Banks) date mite 
Paratetranychus ununguis (Jac.).. . 
sabes Nqpd Pana beleienle-sle aohite 016 ARCS AIG eP ante 
Paratetranychus yothersi (McG.)............... 
avocado red mite 
Paratrechina longicornis (Latr.) crazy ant 
Paratrioza cockerelli (Sule). . . 
potato psyllid, tomato psyllid 
Parlatoria blanchardi (Targ.) 
par latoria date scale 
Chinese obscure scale 
. olive scale 
chaff scale 
pink bollworm 
. body louse 


Parlatoria chinensis Marl. 
Parlatoria oleae (Colvée). 
Parlatoria pergandii Comst.. . 
Pectinophora gossypiella (Saund.). 
Pediculus humanus corporis Deg.. . 
Pediculus humanus humanus L. -head louse 
Pegomya hyoscyami (Panz.).....spinach leaf miner 
Pegomya rubivora (Coq.).... raspberry cane maggot 
Pemphigus betae Doane. . .sugar-beet root aphid 
Peranabrus scabricollis (Thos.).......coulee cricket 
Peridroma ma penne we Haw.) 


entaiile cutworm 


pe Ide or aa 


Pe riphyllus negundinis (Thos.) 
American cockroach 


Periplaneta americane (L.).. . 

Periplaneta australasiae (F.) 
Australian cockroach 

Perkinsiella saccharicida Kirk. 

. sugarcane leafhopper 
pitch twig moth 
watercress leaf beetle 
.smut beetle 
.pale juniper webworm 
pine needle scale 
Mexican mealybug 
.meadow spittlebug 
_lined spittlebug 
peach bark beetle 


Petrova comstockiana (Fern.) 
Phaedon aeruginosus Suffr.. . 
Phalacrus politus Melsh.. . 
Phalonia rutilana (Hbn.). 
Phenacaspis pinifoliae (Fitch) 
Phenacoccus gossypui T. & C.... 
Philaenus leucophthalmus (L.) 
Philaenus lineatus (L.) 
Phloeotribus liminaris (Harr.). 
Phlyctaenia rubigalis (Guen.). . 
celery leaf tier, greenhouse leaf tier 
Phobetron pithecium Ee) ay hag moth 
Phoenicococcus marlatti Ckll.. red date scale 
Pholus achemon (Drury) achemon sphinx 
Phormia regina (Meig.)... . . black blow fly 
Phorodon humuli (Schr.) . ’ -hop aphid 
Phryganidia californica Pack... California oakworm 
ee a A ee crab louse 
Phyllobius intrusus Kono. . arborvitae weevil 
Phyllocoptes gracilis (Nal.). . . .blackberry leaf mite 
Phyllocoptruta oleivora (Ashm.) .citrus rust mite 
Phyllotreta armoraciae (Koch). . . 
. horseradish flea beetle 
Phyllotreta pusilla Horn. . . western black flea beetle 
Phyllotreta ramosa (Crotch) 
western striped flea beetle 
Phyllotreta striolata (F.).........striped flea beetle 
Phylloxera devastatrix Perg. pecan phylloxera 
Phylloxera notabilis Perg...... pecan leaf phylloxera 
Phylloxera vitifoliae (Fitch) grape phylloxera 
Physokermes piceae (Schr.) spruce bud scale 
Phytomyza chrysanthemi (Kowarz) 
chrysanthemum leaf miner 
Phytomyza delphiniae Frost larkspur leaf miner 
Phytomyza ilicis (Curt.)...........holly leaf miner 
Phytomyza minuscula Gour....columbine leaf miner 
Phytophaga destructor (Say) . . hessian fly 
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.filbert bud mite 


Phytoptus avellanae Nal... . 
.pine bud mite 


Phytoptus pini Nal... . 
Pieris protodice B. & L..... .southern cabbageworm 
Pieris rapae (L.) imported cabbageworm 
Pikonema alaskensis (Roh.)...............00.. 
yellow-headed spruce sawfly 
Pikonema dimmockit (Cress.)..........00000005 
green-headed spruce sawfly 
Pilocrocis tripunctata (F.)....sweetpotato leaf roller 
Pineus strobi (Htg.)....... .pine bark aphid 
Pinnaspis aspidistrae (Sign.). fern scale 
Piophila casei (L.)........ cheese skipper 
Pissodes engelmanni Hopk.. 
Engelmann spruce weevil 
deodar weevil 
Monterey-pine weevil 
.Sitka-spruce weevil 
.white-pine weevil 
Yosemite bark weevil 


Pissodes nemorensis Germ 
Pissodes radiatae Hopk... 
Pissodes sitchensis Hopk.. 
Pissodes strobi (Peck). . . 
Pissodes yosemite Hopk.... . . 
Plagiodera versicolora (Laich.) 
imported willow leaf beetle 
Plathypena scabra (F.) green cloverworm 
Platyptilia pr Pa (Riley) 
artichoke plume moth 
Platyptilia pusillodactyla (Wlkr.) 
lantana plume moth 
.cottonwood borer 
Indian-meal moth 
diamondback moth 
. potato scab gnat 
.pine gall weevil 
spined soldier bug 


Plectrodera scalator (F.). 
Plodia interpunctella (Hbn.) 
Plutella maculipennis (Curt.) . 
Pnyxia scabiei (Hopk.).... 
Podapion gallicola Riley 
Podisus maculiventris (Say). 
Podosesia syringae fraxini (Lug.)........ash borer 
Podosesia syringae syringae (Harr.).. lilac borer 
Poecilocapsus lineatus (¥.) four-lined plant bug 
Pogonomyrmex badius (Latr.) 3a 
Florida harvester ant 
Pogonomyrmex barbatus (F. Smith). . 
red harvester ant 
Pogonomyrmex barbatus var. molefaciens (Buckl.) 
Texas harvester ant 
Pogonomyrmex californicus (Buckl.) Chr 
California harvester ant 
Pogcnomyrme x occidentalis ct ress.).. ee 
_western harvester ant 
‘striped garden caterpillar 
cluster fly 
-ten-lined June beetle 
_grape berry moth 
spined rat louse 
Say blister beetle 
horned passalus 
Japanese beetle 
.gypsy moth 


Polia legitima (Grote) 
Pollenia rudis (F.) . 
Polyphylla 10- lineata (Say ) 
Polychrosis viteana (C lem.)..... 
Polyplax spinulosa (Burm.). . 
Pomphopoea sayi (Lec.) 
Popilius disjunctus (Ill.) . . 
Popillia japonica Newm. 
Porthetria dispar (L.).... 
Prionoxystus macmurtrei (Guer.) 
little carpenterworm 
Prionoxystus robiniae (Peck) carpenterworm 
Prionus californicus Mots... . .. .California prionus 
Prionus imbricornis (L.).... tile-horned prionus 
Prionus laticollis (Drury). .broad-necked root borer 
Pristiphora californica (Marl.)..California pear-slug 
Pristiphora erichsonii (Htg.) larch sawfly 
Pristiphora geniculata (Htg.)...mountainash sawfly 
Prociphilus imbricator (Fitch) .. .beech blight aphid 
Prociphilus tessellatus i al woolly alder aphid 
Prodenia eridania (Cram.). southern ones 
Prodenia ornithogalli Guen.. 
yellow -striped army worl 
Prodenia praefica Grote 
western yellow-striped armyworm 
Proteides clarus (Cram.) silver-spotted skipper 
Proteoteras willingana (Kearf.). .boxelder twig borer 
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Protoleucana albilinea (Hbn.)...............-.. 
wheat head armyworm 
Protoparce quinquemaculata eter 4 
_.. tomato hornworm 
Protoparce sexta (Johan. ) Mees tobacco hornworm 
Protopulvinaria pyriformis (Ckll.). . .pyriform scale 
Psallus seriatus (Reut.)..........cotton fleahopper 
Pseudanthonomus validus Dietz................ 
currant fruit weevil 
Pseudaonidia duplex (Ckll.).. camphor scale 
Pseudaulacaspis pentagona ( T arg. lier erry 
white peach scale 
Pseudococcus adonidum (L.).. .long-tailed mealybug 
Pseudococcus brevipes (Ckll.).. .pineapple mealybug 
Pseudococcus citri (Risso) citrus mealybug 
Pseudococcus comstocki (Kuw.).. 
Comstock me: ealy bug 
Pseudococcus gahani Green... .citrophilus mealybug 
Pseudococcus maritimus (Ehrh.)....grape mealybug 
Pseudococcus nipae (Mask.). ... .coconut mealybug 
Pseudodacus pallens (Coq.)....... bumelia fruit fly 
Pseudolynchia canariensis (Macq.) pigeon fly 
Psila rosae (F.) carrot rust fly 
Psoroptes equi Gerv ......scab mite 
Psoroptes equi var. ovis (Her.)..... sheep scab mite 
Psorosina hammondi (Riley). .apple leaf skeletonizer 
Psylla buzi (L.)........ .boxwood psyllid 
Psylla mali (Schmdb.). apple sucker 
Psylla pyricola Foerst . pear psylla 
Psylliodes punctulata Melsh hop flea beetle 
Pterophorus periscelidactylus Fitch. 
grape plume moth 
white-marked spider beetle 
brown spider beetle 
hairy spider beetle 
-human flea 
cottony peach scale 
..green shield scale 
cottony maple scale 
.Surinam roach 
straw itch mite 
meal moth 
..smartweed borer 
. European corn borer 


Ptinus fur L 

Ptinus hirtellus Sturm 
Ptinus villiger (Reit.) . 
Pulex irritans L..... 
Pulvinaria amygdali ¢ ‘KIL. 
Pulvinaria psidti Mask. . 
Pulvinaria vitis (L.).......... 
Pycnoscelus surinamensis (L.) 
Pyemotes ventricosus (Newp.) 
Pyralis farinalis (L.)..... 
Pyrausta ainsliei Heinr.. . 
Pyrausta nubilalis (Hbn.) 


Ramosia bibionipennis (Bdvl.). 
rete strawberry crown moth 
Ramosia rhododendri (Beut.) . . .rhododendron borer 
Ramosia tipuliformis (Clerck). .......-Currant borer 
Recurvaria milleri Busck. .. .lodgepole needle miner 
Recurvaria nanella (Hbn.) lesser bud moth 
Reduvius personatus (L.).. .masked hunter 
Rhabdopterus picipes (Oliv.). . .cranberry rootworm 
Rhabdoscelus obscurus (Bdvl. ee ee: 
Yew Guinea sugarcane weevil 
Rhagoletis cingulata (Loew) 
: cherry fruit fly, cherry maggot 
Rhagoletis completa Cress. walnut husk fly 
Rhagoletis fausta (O. S.). black cherry fruit fly 
Rhagoletis pomonella (W alsh) 
.... apple maggot, blueberry maggot 
Rhipicephalus sanguineus (Latr.). . .brown dog tick 
Rhizobius ventralis (Er.)... . black lady beetle 
Rhizoecus faleifer Kunck ..ground mealybug 
Rhizoglyphus echinopus (F. & R.).. .. bulb mite 
Rhodobaenus tredecimpunctatus (Ill.)............ 
cocklebur weevil 
Rhopalosiphum nymphaeae (L.).... . waterlily aphid 
Rhopalosiphum prunifoliae (Fitch) 
apple grain aphid 
Rhopalostphum pseudobrassicae (Davis) 
turnip aphid 
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Rhopobota naevana (Hbn.)...black-headed fireworm 
Rhyacionia buoliana (Schiff.).................. 
. European pine shoot moth 
Rhyacionia frustrana (Comst.)................. 
Nantucket pine moth 
apple flea weevil 
. willow flea weevil 


Rhynchaenus pallicornis (Say) 
Rhynchaenus rufipes (Lec.). .. 
Rhynchites bicolor (F.).. rose curculio 
Rhyzopertha dominica (F. a. _lesser grain borer 
Rodolia cardinalis (Muls. i. re vedalia 
Romalea oes (Beauv.). . 

A, eastern lubber grasshopper 


Saissetia hemisphaerica (Targ.). hemes scale 
Saissetia oleae (Bern.). . black scale 
Salebria subcaesiella (C lem.) locust leaf roller 
Samia cynthia (Drury)...... ..cynthia moth 
Sannina uroceriformis Wlkr. . persimmon borer 
Sanninoidea exitiosa (Say) peach tree borer 
Sanninoidea exitiosa graefi (Hy. Edw.).. 
western peach tree borer 
Saperda calcarata Say poplar borer 
Saperda candida F... .roundheaded seeies tree borer 
Soperda tridentata Oliv... . . 5 .elm borer 
Saperda vestita Say... linden borer 
Sarcophaga kellyi Ald.... _grasshopper maggot 
Sarcoptes scabier (Deg.).............4.4. itch mite 
Scapteriscus acletus R. & H...southern mole cricket 
Scapteriscus vicinus Scudd.. ..changa 
Schistocerca americana (Drury) 
American grasshoppe r 
Schizura concinna (2 A. &S.). .red- humped caterpillar 
Schizura unicornis (A. & S.)..... unicorn caterpillar 
Scirtothrips citri ee }. citrus thrips 
Scleroracus vaccinii (Van D. | 
ites nosed cranberry leafhopper 
Scobicia declivis (Lec.)....... lead cable borer 
Scolytus multistriatus (Marsh.)..... 
.smaller wi elm bark beetle 
Scolytus m uticus Say. -hackberry engraver 
Scolytus quadrispinosus Say.. _ hickory bark beetle 
Scolytus rugulosus (Ratz.) .shot-hole borer 
Scolytus sulcatus Lec... . larger shot-hole borer 
Scolytus unispinosus Lec. Douglas-fir engraver 
Scolytus ventralis Lec ef .fir engraver 
Scotogramma trifolii (Rott.).... clover cutworm 
Scudderia furcata Brunn.. .fork-tailed bush katydid 
Scutigera cleoptrata (L.).... house centipede 
Scutigerella immaculata (Newp.).. garden centipede 
Selenothrips rubrocinctus (Giard) . .red-banded thrips 
Semanotus ligneus (F.).... cedar tree borer 
Septis arctica (Freyer).....yellow-headed cutworm 
Sibine stimulea (Clem.)......saddleback caterpillar 
Simulium meridionale Riley turkey gnat 
Sipha flava (Forbes) ....... yellow sugarcane aphid 
Siphona irritans (L.)......... .... horn fly 
Sirex cyaneus F . blue horntail 
Srtodiplosis mosellana (Gehin) . wheat midge 
Sitona cylindricollis Fahr. sweetclover weevil 
Sitona hispidula (F.) clover root curculio 
Sitona lineata (L.)... . pea leaf weevil 
Sitophilus granarius (L.) granary weevil 
Sitophilus oryza (L.). .rice weevil 
Sitotroga cerealella (Oliv oe .Angoumois grain moth 
Smicronyx sculpticollis C sade ...dodder gall weevil 
Solenopsis geminata (F.)....... .... fire ant 
Solenopsis molesta (Say)........... thief ant 
Solenopsis saevrissima v. richteri Forel 
. .imported fire ant 
Solenopsis xyloni McCook. ...... .southern fire ant 
Solubea pugnax (F.).. -rice stink bug 
Spaelotis clandestina (Harr. ye -marked cutworm 
Spilonota ocellana (D. & S.)..eye-spotted bud moth 








138 


Stagmomanitis carolina (Johan.).. . .Carolina mantis 
sanity nen (Chamb.)..... 
eStats red-necked peanutworm 

Stegobiu um paniceum (L.).. . .drug-store beetle 
Stenopelmatus fuscus Hald. . Jerusalem cricket 
Stephanitis pyrioides Scott. azalea lace bug 
Stephanitis rhedodendri Horv.... . 
BAS: rhododendron lace bug 

Sternechus paludatus (Casey)..... bean stalk weevil 
Stictocephala festina (Say). . 
three-cornered alfalfa hopper 

Stilpnotia salicis (L.)..... satin moth 
Stomoxys calcitrans (L.) . .stable fly 
Strauzia longipennis (Wied.) . sunflower maggot 
Strymon melinus (Hbn.) . cotton square borer 
Supella supellectilium (Serv.) . .brown-banded roach 
Sylvora acerni (Clem.) maple callus borer 
Synanthedon pictipes (G. & R.) 
lesser peach tree borer 
-_pale-striped flea beetle 
elongate flea beetle 
grasshopper bee fly 


Systena blanda Melsh.. . . 
Systena elongata (F.). 
Systoechus vulgaris Loew. 


.. black horse fly 
striped horse fly 


Tabanus atratus F.. 
Tabanus lineola F. 
Tachycines asynamorus Adel. 
.greenhouse stone cricket 
Tachypte rellus quadrigibbus (Say) apple curculio 
Taeniothrips inconsequens (Uzel).......pear thrips 
Taeniothrips simplex (Mor.)....... gladiolus thrips 
Taniva albolineana (Kearf.) spruce needle miner 
Tapinoma sessile (Say)... odorous house ant 
Tarsonemus laticeps Halb.. . .bulb scale mite 
Tarsonemus pallidus Banks .cyclamen mite 
Tegeticula yuccasella (Riley) ..yueca moth 
Telea polyphemus (Cram.)... polyphemus moth 
Teleonemia scrupulosa (Stil) . .lantana lace bug 
Tenebrio molitor L. yellow mealworm 
Tenebrio obscurus F. dark mealworm 
Tenebroides mauritanicus (L.) . .cadelle 
Tenodera ened is Sauss.. 
.harrow-winged mantis 
Tenodera aridifolia sinensis Sauss. 


ce ee .. Chinese mantis 
Tethida cordigera (Beauv.)..blac +k-headed ash sawfly 
Tetraleurodes mori (Quaint.) . mulberry whitefly 
Tetralopha robustella Zell... . . .. pine webworm 
Tetralopha scortealis (Led.). lespedeza webworm 
Tetramorium caespitum (L.) pavement ant 
eit atlanticus McG. . 
: strawberry spider mite 

Tetranych us bimaculatus Harv ey. 
. two- spotted spide r mite 
Pacific mite 
six-spotted mite 


Tetran ychus paci ific us McG.. 

Tetranychus sexmaculatus Riley 
Tetraopes te veeuinaee (Forst. ae 
‘red milkweed beetle 
_roundheaded fir borer 
..pear borer 
dogwood borer 
. .firebrat 
.genista caterpillar 
chrysanthemum thrips 


Tetropium abietis Fall. 
Thamnosphecia pyri (Harr. dae 
Thamnosphecia scitula (Harr.) . . 
Thermobia domestica (Pack.) 
Tholeria reversalis (Guen.). 
Thrips nigropilosus Uzel. . 
Thrips tabaci Lind... onion thrips 
Thyridopteryx en formis (Haw. ).. .bagworm 
Tinea pellionella (L.) .casemaking clothes moth 
Tineola bisselliella ( Hum.) . .webbing clothes moth 
Tipula simplex Doane. . . .range crane wed 
Tischeria malifoliella Clem. 

‘ _apple leaf trumpet 1 miner 
Tomostethus multicinctus (Roh.).. 


_.brown-headed ash sawfly 
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Torymus druparum Boh.........apple seed chalcid 
Toumeyella liriodendri (Gmel.)...... tuliptree scale 
Toumeyella numismaticum (P. & M.)........... 


.pine tortoise scale 
Toxoptera aurantii (Fonse. c.)..... black citrus aphid 
Toxoptera graminum (Rond.)............ greenbug 
Toxotrypana curvicauda Gerst...... papaya fruit fly 
Trachykele blondeli Marseul. .. . western cedar borer 
Tremex columba (L.).. ; .... pigeon tremex 
Trialeurodes floridensis (Quaint. )..av vocado whitefly 
Trialeurodes packardi (Morrill) . 

ey strawberry white fly 
Trialeurodes vaporariorum (Westw ) ee 

ES ey Pee greenhouse w hite fly 

Trialeurodes vittatus (Quaint.)....... grape whitefly 
Triatoma sanguisuga (Lec.)..bloodsucking conenose 
Tribolium castaneum (Hbst.) . .red flour beetle 
Tribolium confusum Duv......confused flour beetle 
Trichobaris mucorea (Lec.)..... tobacco stalk borer 
Trichobaris trinotata (Say) .potato stalk borer 
Trichodectes canis (Deg.)... dog biting louse 
Trichophaga tapetzella (L.) . .carpet moth 
Trichoplusia ni (Hbn.)... . cabbage looper 
Trinoton anserinum (F.)... . goose body louse 
Trinoton querquedulae (L.). . . .large duck louse 
Trioza diospyri (Ashm.). persimmon psylla 
TATE DORE ITE) oo a5 66 eo cds kok n cee chigoe 
Tychius stephensi Schinh.. clover head weevil 
Tyloderma fragariae (Riley) . 


. strawberry crown borer 
white apple leafhopper 


Typhlocyba pomaria McA 
r yphlocyba rosae (L.)...... .rose leafhopper 
Typhlocyba tenerrima H. S...... bramble leafhopper 
Typophorus viridicyaneus (Crotch) . . 
....sweetpotato leaf beetle 
Tyrophagus lintneri (Osb. ).. mushroom mite 
Unaspis euonymi (Comst.).. . . euonymus scale 
Urbanus proteus (L.)..... bean leaf roller 
Utetheisa bella (L.)....... . bella moth 


_red-admiral 
. .painted-lady 
. painted beauty 


Vanessa atalanta (L.).. 
Vanessa cardui (L.)..... 
Vanessa virginiensis (Drury). 
Vasates cornutus (Banks)... .. ..peach silver mite 
V asates destructor (Keif.). . tomato russet mite 
V asates quadripedes Shimer... ... 
aH APE 08 HENS et maple bladder-gal! mite 
Vasates schlechtendali (Nal.)...... apple rust mite 
Vespa crabro germana Christ . .giant hornet 
Vespamima pini (Kell.). .. ..pitch mass borer 
Vespamima sequoiae (Hy. Edw.).............-. 
. .sequoia pitch moth 
. bald-faced hornet 


Vespula maculata (L.).... 
Virgula meleagridis (L.)... .large turkey louse 
Vitacea polistiformis (Harr.)......grape root borer 
Vitula serratilineella Rag... . ..dried-fruit moth 


Wasmannia auropunctata (Roger) little fire ant 
Wyeomyia smithii (Coq.). .. .pitcherplant mosquito 


oriental rat flea 

. carpenter bee 
gall making maple borer 
.tustic borer 


Xenopsylla cheopis (Rothsch.). . 
Xylocopa virginica (Drury). . 
Xylotrechus aceris Fisher. . 
Xylotrechus colonus (F.). . 


-honeysuckle sawily 
Zeuzera pyrina (L.)............60006 leopard moth 
Zonosemata electa (Say)... Siete Acker pepper maggot 
Zophodia conrolutella (Hbn.).. gooseberry fruitworm 
Zygogramma exclamationis (F.).. . .sunflower beetle 


Zaraea inflata Nort.. 





